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TRAUMATIC INTRACEREBRAL HEMORRHAGE 


By FRANCIS 
PROFESSOR OF 


C. GRANT, 


M.D. 


NEUROSURGERY 


AND 


Grorce 


FRANCIS CLARK 


From the De partment of Neurosurgery 


luis report is based on 14 verified 
of intracerebral hemorrhage 
erated on at the Hospital of the Uni- 
of Pennsylvania 
spital of the 
Five 


Graduate 
of 


or 


University Penn- 


inia of these cases were 


raumatic and 9 were spontaneous in 


sin. F requently the 
nosis was doubtful. 
patient, whether 


ertensive or not, who develops sud- 


preoperat ive 
in a 


hemiparesis, headache, or uncon- 
usness, and these symptoms then 
the possibility of an intra- 
bral hemorrhage must be 


ate 
consid- 
This is particularly true in the 
in which trauma has been a fac- 
In a post traumatic with 
and progressive symptoms, 
ration of the involved area is of 
se indicated. the of 
or subdural bleeding, the pos- 


case, 
zed 


absence 


tv of an intracerebral hemorrhage 
be kept in mind and the cortex 
ed, lest a subcortical hemorrhage 


erlooked. 


Austin, M.D. 


FELLOW 
PHILADELPHIA 


IN NEUROSURGERY 
PENNSYLVANIA 


Hospital of the University of Pennsylvania) 


In this group 2 
tensive. 


cases were hyper- 
In the 4 fatal cases, 3 came to 
autopsy and none of these was an 
In the 10 cases 
that recovered, the precise etiology is 
uncertain. Syphilis and brain tumor, 
however, can be eliminated as a pos- 
sibility in every case. 

The « arly publication of Charcot and 
Bouchard*, in 1868, was the first tend- 
ing to place the etiology of intra- 
cerebral hemorrhage on aneurysms. 
Although this theory of numerous small 


aneurysm discovered. 


“berry aneurysms is not generally 
accepted, it was their work which 
focused the general attention on 


aneurysms as a possible etiology. Other 
authors still believe that aneurysms of 
a different type may be a causative fac- 
tor in intracerebral hemorrhage. Row- 
botham'* feels that when involving 
the circle of Willis, some congenital 
aneurysms frequently become attached 
to cerebral substance, rupturing into 
the brain itself and forming an intra- 
cerebral hematoma. Scheinker!, Dav- 
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iss, Sachs'*, and Craig and Adson 
have all stressed the probability of the 
venous origin of these hemorrhages. 

In cases of trauma, capillary hem- 
orrhages coalescing into a single large 
hemorrhage have been suggested by 
Evans and Scheinker® as one of the 
more common sources. Bollinger’s! 
original theory of late traumatic 
apoplexy emphasized the importance 
of softening associated with focal 
necrosis and the gradual formation of 
hemorrhage ina period of 1 to 8 weeks 
following trauma. Cases of angio 
matous rupture leading to intracerebral 
hemorrhage have been cited by 
Davidoft*, Michael and Levin'', and 
Dandy‘ 

The object of this report is to em 
phasize the diagnostic possibilities ot 
intracerebral hemorrhage preopera 
tively and to point out the comparative 
ease of evacuation with good operativ. 
result. The surgical treatment of 
cerebral hemorrhage should increase in 
importance as our knowledge of the 
control of hypertension improves 

Clinical Data. The age incidence 
appears to be relatively unimportant 
The range in traumatic cases was 27 
to 43 vears, with an average age of 35.4 
vear®rs Al] 5 of these patients were 
males. In the nontraumatic group the 
range was 19 vears to 66 vears, with 
an average of 44.3 vears. Five females 
and 4 males comprised this group 
From these figures it is obvious that 
the nontraumatic cases tend to occur in 
an older age groun. It is also apparent 
that this tvpe of hemorrhage is not a 
frequent occurrence in children or 
adolescents. In a group of 29 cases of 
traumatic intracerebral hemorrhage 
collected by Browder and Turnev?, the 
range was 28 to 70 vears. with an 
average of 41.3 vears 

In our group of patients it is obvious 
that intracerebral hemorrhage is not a 
cause of immediate death. The interval 
from onset of hemorrhage until opera- 
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tion varied greatly in these patients 
The shortest interval was 1% hour 
Several patients gave histories sugges 
tive of hemorrhage more than 5 mont! 
prior to operation. Obviously — the 
cases were well encapsulated bv. the 
time they came to operation and th 
brain had ample time to compensat 
for the lesion. We have not found ar 
cases with death occurring in less thar 
2 hours following hemorrhage. 
Consciousness. Sudden loss of co 

sciousness was present as the initi 
svmptom in 10 cases (Table 1). Th 
was found in 4 out of 5 traumatic cas 
and prese nt in 6 out of 9 nontraumat 


cases. In the 1 traumatic case in whi 


TABLE 1. PREDOMINANT NEUROLO‘( 
FINDINGS IN INTRACEREBRAI 
HEMORRHAGI 


14 
H ipar 5 (100 616 
Initial Un } su 6 (6 
Con | 0 2 (22 
Se re Hl 5 (56 


} 


this was not the initial symptom t} 
Was a progressive stupo! tollowing 
trauma. Nattziger and Brown'- not 
unconsciousness as an initial sympt 
in 2 out of the 3 traumatic cases 
described. Penfield has emphas 
the importance of rapid and persisting 
coma, or slowly advancing stupor « 
ing in coma, as the differential port 
in favor of cerebral hemorrhage rat 
than cerebral thrombosis. Cadwala 
pointed out that the less severe 
disturbance of consciousness, the 
likely that it is caused by softening 
not by he morrhage. Generalized 
vulsions followed by unconsciou 
were an early symptom in 2 
traumatic cases and were noted s 
weeks following trauma in 1 pati 
Motor Weakness. A definite | 
paresis or hemiplegia was present 1] 
patients. In all of the traumatic S 


SPONTANEOUS AND TRAUMATIE 
this was found to some degree. Five 
itients had a facial weakness in addi 
on to the hemiparesis. In the 3 pa- 
tients without hemiparesis or hemi- 


had both 


nds, and 2 patients had no motor or 


plegia, | 
} 


paresthesia ot 


ensory findings. Davis® states that in 
tracerebral hemorrhage due to ve- 
us bleeding, there is a preponderance 
of focal signs over those of increased 
ntracranial pressure, which is the re- 
erse of epidural and subdural hem- 
rrhage 
PUPILLARY CHANGES. 
had ot 


apilledema varying from blurred discs 


VISUAI AND 


Four patients some degree 
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the brief interval between hospital ad- 
mission and operation explains why 
visual fields were not done more tre- 
quently. 

SpinaL Finpincs. Spinal fluid 
pressures were measured in 11 patients 
and in 6 of these the pressure was 
abnormally elevated (that is, greater 
than 200 of water, with the 
patient recumbent) (Fig. 1.) The 
spinal fluid was pink or bloody in 6 
of these cases, and slightly xantho- 
chromic in 2 patients. In 3 cases of 
spontaneous intracerebral hematoma, 
Scott!? found that the cerebrospinal 
fluid was either “pink” or xantho- 


mm. 


400 
300 
D D 
roy pS D 
100 
| | 
| | | | 
CASE NO. | I m ym x m 
0-10 = 
Ok 
10100- 10 
100-200 rac = 
* 2 200-300 R60 
Fic 1 Results of lumbar puncture in intracerebral hemorrhage (11 patients 
wring in 2 patients, to 1 patient chromic on admission or became 


3 to 4 diopters of choking bilater- 
In 7 patients, pupillary changes of 
form or another were present. The 
bilaterally dilated in 3 
unilaterally dilated in 1 

ent, failed to react to light in 2, and 
bilaterally constricted in 1 pa- 
These findings would indicate 
pupillary signs are usually not of 
ilizing or consistent nature. Visual 
were studied in 5 patients. Three 
ese showed an homonymous hemi- 
ia; 1 showed generally contracted 
lies, and in 1 patient the fields were 
normal. The state of consciousness and 


ls were 


ents 


+ 


xanthochromic before operation. He 
also noted an increase in total proteins 
and elevation of the cerebrospinal fluid 
pressure in all cases. Penfield’, like- 
wise, found that in his cases the cere- 
brospinal fluid was xanthochromic 
although the hematoma was strictly 
intracerebral. 

D1acnosis AND EtroLocy. The diag- 
nosis of intracerebral hemorrhage is 
often difficult due to its frequent re- 
semblance to mass lesions and espe- 
cially to subdural or extradural hemor- 
rhage. It is significant that 4 of our 
cases were diagnosed preoperatively as 
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brain tumor; 4 were diagnosed as sub 


dural hemorrhage, 3 as extradural 
hemorrhage, 1 as brain abscess, and 2 
were correctly diagnosed as intracere- 


bral In all the 


hemorrhage was found at operation, 


hemorrhage. cases 
with the exception of 1 which occurred 
in the right optic thalamus. There was 
no single predominant site of hemor- 
this 
patients the bleeding occurred into the 
temporal lobe, including 2 of the 5 
traumatic (Table 
patients the site of hemorrhage 
frontal; 2, frontoparietal; = 
|, parietooccipital; and 1, thalamic 


rhage in series. However, in 5 


patients 2 In 3 
was 


parietal; 


TABLE 2 LOCATION OF INTRACERI 
BRAL HEMORRHAGE IN 14 CASES 
Temporal 5 
Frontal 
Parietal 2 
Fronto-parietal 9 
Parieto-occipital l 
Thalamus l 
Other authors have also found the 


majority of hemorrhages to be in the 
temporal lobes. In Scott's!’ 
spontaneous hemorrhage, all were lo- 
Hamby'” 


noted 3 cases of temporal lobe hemor- 


> cases ot 
cated in the temporal lobe. 


rhage out of 11 cases unassociated with 
tumor. One of Rowbotham’s'* 2 cases 
of aneurysm ruptured into the tem- 
poral lobe. Two of the 3 cases of “late 
traumatic apoplexy’, presented by 
Naffziger and Brown'”, were temporal. 
Ot 9 cases presented by Craig and 
Adson® 4 hemorrhages were found in 
the temporal lobes, and Browder and 
Turney” found 11 out of 29 traumatic 
cases to have lesions in the temporal 
lobe. Obviously 
may occur in any part of the brain, 
but tend to occur more frequently in 


these hemorrhages 


the temporal areas. On the average. 
approximately one-third to one-half of 
all intracerebral hemorrhage is located 
in the temporal lobe. 

Hypertension is a frequent etiologic 
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tactor in this type ol hemorrhage. How 
ot 


there history of abnormally hig! 


ever, in only our patients wa 


blood pressure, 
Because the cases we have presente 


were all operative Cases W ith only occa 


sional postmortem examination, — th 
precise cause of these hemorrhage 
must remain in doubt. Obviously, i 
some of the younger age group, a 


aneurysm would seem to be a plausib| 


cause. However, an actual aneurys: 


was never discovered at operation 


OPERATION AND tim 
interval trom initial symptoms of 
hemorrhage until operation had 


important bearing on the postoperati 
result. Likewise, the tvpe ot operati 
affect the eventual 
the blood 
through a burr hol 


did not result. | 


7 cases Was evacuate 
and in 6 cases 

cramlotomy was 
10% 


were 


osteoplastic requir 
traumatic Ca 


of 9 (2 


out of 5 
fatal 


nontraumatic ¢ 


Two 
out 


were as 
ASCS 
cases such as this, it is difficult to 
unequivocally that the traumatic ty 


has a graver prognosis However. t! 


additional effects of contusion can 
be minimized. The overall mortality 
was 28.69 


of her 
hypertens 


this series of 14 cases 
The lack of 


rhage asso iated 


more Cases 


with 
makes it impossible to evaluate t 
type ot treatment in apoplexy ( 
it to ‘atte 
evacuation known intracereb: 
the br 
of | 


tainly worth while 


1S 
of any 


not 
spite 


involving 


ot a 


hemorrhage 


stem, In history 
blood pressure 

Summary. Nine cases of spontan 
hemorrhage and 5 cases of traumati 
hemorrhage were thoroughly stu 
with respect to preoperative svm 
matology, operative treatment, 
postoperative results. 

A localizing hemiparesis and it 
the comm 
neurological findings in both typé 


The operative diag! 


unconsciousness were 


hemorrhage 


Ina small series oO! 


i 
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was made by means of a burr hole in 
most cases, followed by aspiration of 
the hemorrhage through the burr hole. 
and occasionally by a wider exposure 
following craniotomy. 

Since this 1 additional 


report, ot 


uccesstully operated upon and discharged trom the hospital 


ile diagnosed preoperatively 
the right te mporal lobe 


spontane OUS 
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These hemorrhages may occur in any 
lobe but 
quent in the temporal lobes. In this 


are known to be most. fre- 


series, 400 were tound in the temporal 


bes. 


intracerebral hemorrhage has been 


This was a 65-vear old, whit 


as a probable glioma. Operation revealed a large hemorrhag 
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ANGIOCARDIOGRAPHY IN THE DIAGNOSIS OF 
CARDIOVASCULAR SYPHILIS* 


By Grorce E. PEABopy, M.D 


Georce G. Reaper, M.D. 
Cuaries T. Dorrer, M.D 


ISRAEL STEINBERG, M.D. 


AND 


Bruce WesBsTER, M.D. 


NEW YORK, NEW YORK 


| row) thre Departments ot Medicine ind Radiology Oot thre New York Hospital 
ind Cornell University Medical Colleg 
ANGIOCARDIOGRAPHY is a Roentgen by promoting more intensive anti 


technique which aids in coniirmation 


or exclusion of the clinical diagnosis 
of cardiovascular syphilis. By this pro- 
cedure the cardiac chambers and asso- 
ciated great vessels can be roentgen- 
at appropriate 
intervals following the rapid intrave- 


ologically visualized 
nous injection of a contrast substance. 
\lthough the active syphilitic process 
underlying and preceding cannot thus 


be 


changes resulting therefrom are rend- 


revealed, early gross anatomical 
ered clearly perceptible. Of particular 
the clinically latent 
riod of late syphilis wherein clinico- 


assistance In pe- 
pathological experience has indicated 
a high percentage to have syphilis of 
the cardiovascular system*, angiocardi- 
ography may prove to be an important 
diagnostic procedure in the early diag- 
nosis of cardiovascular syphilis. 

In the past, the best available means 
of ascertaining the presence of cardio- 
vascular syphilis has been through 
history-taking, physical examination, 
and chest roentgenography. Since it is 
most essential to establish the diagnosis 
early, thus gaining a better prognosis 


* Aided by Grants from the National Institutes of Health, Washington, D. C., 


syphilitic the rapy and prompt work r¢ 
it that 
cardiovasculat syphilis (that is, uncom 


striction. is unfortunate early 
plicated aortitis and small aneurysms 


ot 
fundamentally 


innominate artery and aorta) i 


y symptomless, without 
signs, and not apparent by chest roent 
Wilson!!, 
211 cases of syphilitic aortitis, con 
that 


aortitis 


genography in a review ot 


cluded since uncomplicated 


syphilitic is asymptomati 
criteria based on symptoms are unre 
liable making an early 


The ot 


murmur, and prolongation and meta 


in diagnosi: 


presence an aortic. systoli 
lic character of the second aortic sou 
have been considered helpful in ind 
cating possible. syphilitic aortitis, b 
White!’ has pointed out that su 
signposts are of little real value. Ste« 


of 


syphilitic aortitis, 


in a_ study 1() proved cases 
that t! 


roentgenological findings of dilatati 


decided 


and density in the syphilitic aorta w 
indistinguishable from other simi! 
lesions of the 
analyzing the importance of roentg: 
ography in this respect, stated tl 


aorta. Sussman®, wh 


the Scher 


Corporation, and the Barbara Whitney Henry Research Fund 
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rABLI RESULTS OF ANGIOCARDIOGRAPHY CORRELATED WITH PHYSICAL EXAMINATION AND 
CHEST ROENTGENOGRAPHY IN 93 PATIENTS INVESTIGATED FOR CARDIOVASCULAR SYPHILIS 
AT THE NEW YORK HOSPITAL 


Serological Phys. Exam. for Conrentional Che 
Tests f Cardiovascular Roentgenogra phy 
\ Syphil Syphili Fluoroscopy Ingioca yra Final Diagn 
ES 266 OS: Pos Pos Neg Syph. aortitis Syph. aortitis 
AR STS 4 Pos Pos Neg Syph. aortitis Syph. aortitis 
Neg Pos Neg syph. aortitis Syph. aortitis 
AA " ( Neg Pos Neg Syvph. aortitis Syph. aortitis 
Gk OOF Po Pos Neg Syph. aortitis Syph. aortitis 
CJ ™ Pos Neg Syph. aortitis Syvph. aortitis 
RH 4s P Pos Neg Svph. aortitis & Syph. aortitis & saccular 
aneu uneurysm of des« sorta 
rvsm of dese. aorta 
GM © it Po Neg Possible aneuryvsim of Syph. aortitis, no Syph. aortitis 
innom. art of in 
nom. artery 
Mi UY « Po Neg Neg Syph. aortitis syph. aortitis 
MIM 396 67¢ Neg Neg Neg Syph aortitis Syph aortitis meu 
ineurysm of in rysm of innom. artery 
nom, artery 
New Neg Neg Syph. aortitis Syph. aortitis 
Neg Neg Neg svph. aortitis Syph. aortitts 
Pos Neg Ney Svph. aortitis Syph. aortitis 
Cs ,49 Pos P Mediast. mass svph. aortitis & Syph. aortitis & saccular 
saccular ane u- aneurysm of aorta 
rvsm of aorta 
IM Neg i Mediast. mass syph. aortitis & Syph. aortitis & saccular 
saccular aneu aneurysm of aorta 
rysm of aorta 
It, Po Pos ph aortitis eg Late latent sy ph 
NM ot Ne Pos Syph aortitis Ne Late latent sv pl 
Li W) Ot Pos Pos * Syph. aortitis Neg Late latent syph 
BY 422950 Pos Pos 2 Syph. aortitis New labes dorsalis 
MM 4 oat} Pos Pos ? Syph. aortitis Neg Late latent syph 
LR 407 209 Po Pos 2 Svph. aortitis Neg Late asymptomatic neu 
rosyphilis 
1G () Neg i Aneurysm of aorta Neg. Bronchogenic cyst of 
mediastinum 
FH t Neg Neg Aneurysm of aorta Neg Pumor of right lung 
Pos Neg Aneurysm of aort Neg Late latent sy phils 
tumor of mediastinun 
Gh ae Pos Pos Neg Syph. aortitis Syph. ht. dis. with A.D.” 
\M ov Pos Pr Neg Syph. aortitis Syph. ht. dis. with Al 
BH obs Neg Po Neg Syph. aortitis Syph ht. dis. with A.l 
Pos Pos Neg Syph. aortitis Syph. ht. dis. with AJ 
LR , ‘ Po Pos Neg Syph. aortitis Syph. ht. dis. with Al 
Ws ta4 Po Po N Syvph. aortitis Tabes dorsalis, primar 
optic atrophy, syph. ht 
dis. with 
5 Sot Pos Neg Syph. aor Late «asympt neuro 
syph. & syph. ht. dis 
with ALl 
\f 1 Pos Pos Neg syph. aortitis syph ht. dis. with A.l 
| Hh O42 Neg Pos Neg Syvph. aortitis Syph. ht. dis. with AT 
44 Pos Pos Neg Syph. aortitis Syvph ht. dis. with 
1, 421 084 Pos Pos Neg Syph. aortitis & Syph. ht. dis with All 
ineurysmofaorta & aneurysm of aorta 
Ni Syph. aortitis & Syph. ht. dis. with Al 
wneurvsmofaorta & aneurysm of aorta 
Neg syph. aortitis & Syph. ht. dis. with Al 
sneurysmofaorta & aneurysm of aorta 
B a Po Pos Neg Syph. aortitis Syph. ht. dis. with A.l 
! > Pos Pos Neg syvph. aortitis Syph. ht. dis. with A.l 
)34s Pos Pos Neg Syvph. aortitis Syph. ht. dis. with A.l 
My Dts Pos Pos Neg Syph. aortitis & Syph. ht. dis. with A.l 


sneurysm of in & aneurysm of innom 
nom. artery artery 


| 44 Pos Pos ? Svph. aortitis Syph. aortitis Syph. ht. dis. with A I 
. 6 440 Pos Pos ? Syph. aortitis Syph. aortitis Syph. ht. dis. with A I 
43 S24 Pos Pos ? Syph. aortitis Syph. aortitis Syph. ht. dis. with A l 
2 OS Neg Pos ? Syph. aortitis Syph. aortitis Syph. ht. dis. with A.l 
S747 Pos Pos “*Mediastinal mass Syph. aortitis & Syph. aortitis and aneu 
or aortic aneurysm aneurysmofaorta rvsm of aorta 
1 O16 Pos Hypertension Neg Slight smooth di Late latent syph. and 
latation of aorta hyper. cardiovase. dis 
1 U0 Pos Hypertension Neg Slight smooth di ate asympt. neuro 
Os latation of aorta syph & hyper cardio 
— Vasc dis 
WO Da 4 Pos Pos Aneurysm of aorta Syph. aortitis Syph. aortitis 
O12 Neg. Pos Syph aortitis Syph. aortitis Late asv mpt neur« 
svph. & syph. aortitis 
3609 Pos Pos Syph. aortitis Syph. aortitis Syph ante 
=o Yoo Pos Pos Syph. aortitis Syph. aortitis Syph. ht. dis with A.l 
100) O46 Pos Pos Syph. aortitis Syph. aortitis Syph. ht. dis. with A.T 
1 216 453 Pos Pos Syph. aortitis Syph. aortitis Syph. ht. dis. with A.T 
29 80] Pos Pos Aortic aneurysm Syph. aortitis & Meningovas¢ syph 


syph. aortitis, & aneu 
rvsm of aorta 


aortic aneur 
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I 
HW P 
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Bl Nex 
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CA Nes 
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DK 41S P P Nex 
Ip P P Neg 
RM P Nex Nex 
P Neg Nex 
P Neg Neg 
4 New Nex 
LB P Neg Nes 
I Ne 
N N 
Es su I Neg 
N Neg N 
BJ Neg 
I Neg 
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from the 
indicative ot 


whereas definite deviations 
normal in the aorta were 
mensuration in chest roentgen- 

did not 


determination of minor deviations. par- 


disease 
ography allow for precise 
ticularly in the ascending portion. He 
reported that Roentgen examination, as 
such, did not prove particularly valu- 
able in the early diagnosis of svphilitic 
aortitis, and that the value of the exam- 
ination had been overestimated. 
White'® has concluded that “the early 
diagnosis of cardiovascular syphilis is 
practically impossible (and) that ad- 
vanced and often rapidly fatal aortic 
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disease is present” before diagnosis 


possible. 
Thus 
ing tor an exact 


cardiovascular 


irdiography by allow 


studv of otherwis 


obscure structures, fil 


a real need in the accurate and eat 


diagnosis of cardiovascular syphilis 


Method. A series of 93 patients at the N 
York Hospital, with or without svmpto 
Signs na ird scular SVD 
were studied giocardiographicalh 

ig to the i ot R } ind Stein} 

} 
+} techr Line wed 
sin th eal t 1 blishe | les ripti S 
I 

Following tory-takin sical ex 
tion laborat 1 routine 
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DIAGNOSIS OF ¢ 


ARDIOVASCUI 


SUMMARY 


AR SYPHILIS 


OF RESULTS OF TABLE 1 


ases Total 


7 with early syphilis 


1 with congenital syphilis 


SS cases with late syphilis 


2.) DIAGRAMATIK 
2 without syphilis 
1) cases with cardiovascular syphilis 


it which could be diagnosed without 


angiocardiography 


swith syphilitic aortitis diag 


nosed combination of 


physical examination and 
chest) roentgenogram 


confirmed — by 


and 
angiocardi 
ography 


with aortic imsufficiency al- 
lowing for clinical diagnosis 
of syphilitic heart disease, 
corroborated by angiocardi 
ography 


with aneurysm of the aorta 
perceptible on physical ex- 
amination and chest 
genography and 
rated by angiocardiography 


roent 


corre rhe 


enography, multiple contrast films of 


irdiac chambers and associated great 


were obtained from a distange of 6 
y atter intravenous injection 
ontrast substance. 


mmediately 


the left 
ie projection, allowing for an open view 


lies made in anterior 


were 


entire aortic arch. Results of aortic 
nation were correlated with measure- 
conducted on 100 normal aortas 
iding those showing atherosclerotic 


es) which revealed the maximum -cali- 
the mid-ascending aorta in non-syph- 
ndividuals to be 38 mm!. A study of 61 
ardiographically visualized _aortas, 
isly reported, revealed that certain 
ral changes may be found as a conse- 

of syphilitic aortitis§: 1, Dilatation 
mid-ascending aorta beyond the upper 


$4 cases without cardiovascular involvement 


21 with physical findings indicating 
possible cardiovascular syphilis 


7 with syphilitic aortitis suggested 
by chest roentgenogram, but 
ruled out by angiocardiography 


15 detectable only by angiocardiography 


2 with syphilitic aortitis and aortic 


aneurysm, not detected as such by 


physical examination and chest 
roentgenography 

G with syphilitic aortitis with no 
physical findings and negative chest 
rocntgenogram 

7 with syphilitic aortitis with sug- 


vestive physical ‘findings and nega- 
tive chest roentgenogram 


mm. 2, Irregularity of the lumen 


limit of 38 

of the ascending aorta. 3, Variations in thick- 

ness of the aortic wall. 4, Calcification of the 
aorta which may be accurately 

localized with angiocardiography. 5, Tortu- 

ositv of the aorta. 

Although dilatation of the aorta is not 
alone pathognomonic of syphilitic aortitis, and 
may be caused also by hypertension, athero- 
sclerosis of the aorta, rheumatic aortic valvu- 
lar insufficiency, and coarctation of the aorta, 
it would appear that this complex of find- 
ings is indicative of syphilitic aortitis and 
nothing else. 

Aneurysms of 
arteries are 
diography. 

In this report the results of angiocardi- 
ography are correlated in each case with 


ascending 


the aorta and adjacent 
similarly revealed by angiocar- 
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Case 15 (].M 
Fic. 1A \ 53-vear old male with the clinical diagnosis of asymptomatic neurosyphili 
Lateral chest 10entgenogram revealed a superior mediastinal mass anterior to the trache 
interpreted to represent retrosternal thyroid tissue 
Fic. 1B. Angiocardiogram in left anterior oblique projection revealed opacification of 
dilated irregular thoracic aorta (45 mm. in mid-ascending portion), and outlined an aneurys 
ising from the proximal portion of the aortic arch. On frontal study, this was identified 
an aneurysm of the innominate artery 


Case 37 (E.C.) 
Fic. 2A. A 57-year old male with the clinical diagnosis of syphilitic heart disease with 
insufficiency. Conventional lateral roentgenogram revealed only generalized cardiac enlarge: 
Fic. 2B. Angiocardiogram in left anterior oblique projection revealed irregularity 
dilatation of the ascending aorta. A 7.5 cm. aneurysm of the sinus of Valsalva was <¢ 
opacified. This was previously unsuspected 
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DIAGNOSIS OF CARDIOVASCULAK SYPHILIS JAG 


the results of physical examination and chest cardiovascular sy philis patients would 
rocutgenograpny. have been diagnosed as late latent 
Results. Ninety-three patients were syphilis without the benefit of angio- 
studied by angiocardiography and the cardiography. 
results compared with physical find- Intravenous contrast study estab- 
ings and chest roentgenography in lished the diagnosis in 13 cases of un- 
each case. Results are detailed in complicated syphilitic aortitis in which 
rable 1 and summarized in Table 2. conventional chest roentgenography 
Kighty-three of the 93 had late was negative, and in 2 cases with 
acquired syphilis and thus potential syphilitic aortitis and aneurysm shown 
cardiovascular syphilis. Of the 83 late by chest Roentgen-ray to have only a 
syphilis patients, 49 were found to mass in the mediastinum (Figure 1). 


Case 43 (C.R 
3A 4 55-vear old female with the clinical diagnosis of syphilitic heart disease with 
rtic insufficiency. Conventional lateral roentgenogram revealed a calcified ascending aorta 
which seemed to be dilated 
3B. Angiocardiogram in the left anterior oblique projection revealed opacification of a 
ely dilated irregular thoracic aorta (55 mm. in mid-ascending portion) denoting 
syphilitic aortitis 


ve cardiovascular syphilis with aort- It confirmed the diagnosis of aortic 
aneurysm, or aortic insufficiency, syphilis in 17 cases of syphilitic heart 
of which could be diagnosed with- disease with aortic insufficiency in 
t the aid of angiocardiography. which the chest roentgenogram was 
these 34 cases, 27 had aortic insuffi- negative (Figs. 2 and 3), as well as con- 
ney indicating the diagnosis in firming the diagnosis in 4 cases of 
lf, 4 had aneurysms of the aorta syphilitic heart disease with aortic in- 
ceptible by physical examination sufficiency and 1 case of syphilitic 
chest roentgenography, and 3 had _aortitis with aneurysm in which the 
hilitic aortitis detected in the same chest roentgenogram was inconclusive. 
mer. The remaining 15 of the 49 Seven cases of late syphilis, in addition 
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to 2 


without syphilis, in which aortic 
syphilis was suggested by chest roent- 
that 
category by angiocardiography. Aneu- 


genogram were excluded from 
ryvsm of the innominate artery was like- 
wise revealed for the first time in 3 
patients and ruled out in another orig- 
inally suspected on chest roentgeno- 
gram. Two patients with hypertension 
and physical findings suggesting pos 


sible aortitis, but with negative chest 


roentgenogram were shown by_ in- 
travenous contrast study to have 
minimal smooth dilatation of their 


aortas commensurate with their hyper 
tension. 

In correlating physical findings with 
results of conventional chest roentgeno- 
graphy and angiocardiography, these 
have been designated either “positive 
or “negative” according to whether or 
not they indicated a diagnosis of cardi- 
ovascular syphilis. Aortic insufficiency 
and signs commensurate with a large 
aortic indicative and 


aneurvsm were 


were considered positive — findings 
the of 


systolic murmur (and prolonged ring- 


However. presence an aortic 
ing second aortic sound, if present 

considered a positive finding sugges- 
tive of svphilitic aortitis. was found 
to be of little relative or definite value 


in this group. since it was lacking in 
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6 of the 16 patients with uncomphi 


cated aortitis and present in ap- 
three-fifths of the late 


S\ philis patients w ithout cardiovasculat 


proximately 


Symptoms relative to cardiovascular 
syphilis as expressed by these patients 
were of inconstant significance except 
of ot 


aorta, so that there has been 


in cases advanced involvement 


heart or 
no attempt to correlate them here 


Summary. Ninety-three patients at 
the New York Hospital including 83 
with late syphilis, were studied as to 


the relative merits of physical findings 


conventional chest roentgenography 
and angiocardiography in the clinical 
diagnosis of cardiovascular syphilis. By 
angiocardiography alone, the diagnosis 
of cardiovascular svphilis was effected 
15 


17 in which chest roentgenography was 
| 


in excluded in 9, and sustained in 
negative 

Conclusion. Angiocardiography is a 
valuable instrument in the early diag- 
nosis of svphilitic aortitis. Angiocardio 
graphy will also denote adjacent non 
vascular masses and reveal unsus- 
pected aneurysms of the aorta and its 
branches. It is suggested that this pro 


he 


tion of cardiovasculat svphilis in pa 


cedure may used to aid in detec 


tients with late svphilis 
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\r least since the time of Gulliver", 
1IS45, who worked with the blood of 
healthy cavalry horses, it has been 
known that the drawn blood of the 
lthy horse has a high in vitro ery- 
cyte rate. tact. 
erythrocyte sedimentation rate of 
healthy normal horse is frequently 
rapid as that of human beings 
ering from rather severe pathologic 


sedimentation 


litions and diseases. (For reviews 
the knowledge of the erythrocyte 
sedimentation rate in the horse, see 
194] and 1942. 
is sometimes assumed that the re- 
of an in vitro erythrocyte sedi- 
tation rate test, done on a sample 
human patient's drawn blood, in- 
tes with more or less precision 
legree of intravascular agglutina- 
of the patient’s circulating blood. 
fore the purpose of the observa- 
reported in this paper was to 


of the University of Illinois at Urbana, Illinois; 
Anatomy, the University of Chicago; and the Medical 
of the State of South Carolina ) 


find out if healthy normal horses have 
intravascular agglutination of the cir- 
culating blood, that is, “sludged blood.” 
For if the healthy normal horse con- 
tinuously has sludged blood, how can 
we believe that sludged blood can or 
does damage the human body? 

The circulating blood of all healthy 
members of several other species, in- 
cluding human beings, thus far micro- 
scopically examined by members of 
our laboratory, has been completely 
unagglutinated. Per contra, more than 
1000 human beings who have had cir- 
culating sludged blood have all had 
clinically diagnosed pathologic condi- 
tions and diseases. 

In 1947, Knisely, Bloch, Eliot and 
Warner'® published a paper in which 
they outlined 4 major sets of mecha- 
nisms whereby they had found sludged 
blood to damage the bodies of experi- 
mental animals and men. These are 
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listed, and somewhat elaborated with- minute thrombosis, and, 2, Multipl 
in the paragraphs numbered I, I, [1 minute embolization 

and V below. A fifth new major cat According to dictionary definitions 
gory of phenomena whereby sludged thrombus is a mass which plugs 

blood is now known to damage the vessel and which was formed at th 
body is itemized as paragraph IV be- point where it plugs the vessel. J 
low. It is here listed as IV to facilitate contrast, an embolus is a mass whic 


classification, primarily because some plugs a vessel but which was forme 
of its items act cumulatively toward somewhere within the vascular svste1 
initiating factors now listed in para- and carried by the flowing blood t 


graph V. The items in IV have pre the point it plugs, or, in techni 
viously been known. The accumulating language. embolizes 


experience of the laboratory now justi Following this use of the tern 
fies their classification as mechanisms of nology which entirely ignores tl 
major importance ~ chemical and, or, mor compl X 
The five currently known mayor biologic il factors which mav have bee 
categories are as follows: operative to form many varieties 


I. The resistance of sludged blood to — either kind of plug) different kinds 
its Own passage through the terminal sludge have been directly observ: 
arteriole and capillary bottle-necks of — with microscopes in experimental ar 
the circulatorv svstem forcibly reduces mals and sick human beings to cat 
the rates of blood flow through all the 1 Multiple minute temporary thro 
ypen vessels of the body. This causes bosis. 2) Multiple minute 


; 


pe rinatie 


various degrees of anoxia (of the stag- thrombosis. 3 Multiple minute tem] 
nant tvpe of endothelium and tissues rarv embolization This was first 


\ rious degrees ot loss ot fluid trom recognize | = 2 significant patholo 
the vascular system through the anoxic factor in disease bv Bloch’, 1949, wi 


endothelium, reduced circulating blood discovered and studied it in hun 
volume, edema of the surrounding tis- patients diagnosed as having pol 


sues, and lastly, it acts toward causing mivelitis. And. 4 Multiple minute | 


hemocencentration of the blood in the manent embolization 


venous system. Minute thrombi ar In Our eX] 

II. Agglutinated red cells mav_ be ience, more apt to occur in small v 
ngested and destroved bv the phago- than in small arteries. Minute em] 
evtic cells of liver and spleen. When ire of course much more apt to p 
it happens, this acts toward reducing arterioles, capillaries — or sinus 
both a. the red cell count and b. the “Ageolutinative thrombi’ consisting 


circulating blood volume masses of agglutinated red cells vw 
III. There is settling and sediment- reported at least as earlv as 190? 
ing of masses of agglutinated blood Flexner’. He saw them in histol 


cells out of the blood plasma during sections in a number of pathol 


life which is a necessary factor in conditions and dise ises and corre 
nd mav lead to. venous thrombosis interpreted their meaning. His p 
This has now been recorded in motion should be read bv all who ar 
pictures taken through a_ horizontal ested in sludged blood 
microscope (Warner®*. 1948 When either multiple minute th 
IV Intravascular agglutin ition of hosis or embolization occurs. the 
the circulating blood can _ operate ize done the bodv acts partlv to 
through other sets of mechanisms both impairing the whole circulation 


of which plug small vessels: 1] Multiple partly toward damaging the parti 
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organ and tissue in which the plugging 
occurs. ‘These types of damage are 
discussed separately as follows: 
|. Kach time a small vessel is 
plugged, the flow through that vessel 
stops. One pathway from the arterial 
side of the circulation to the venous 
side is dammed up. The walls of the 
small vessel, both upstream and down- 
stream from the plug as far as those 
branches of the vessel which lead to 
the next adjacent parallel-connected 
ternative blood pathway, become 
moxie and lose their ability to retain 
blood plasma. Frequently, but not 
ilways, the plugged vessel goes through 
lternate contractions and dilatations, 
or it may simply relax and become 
naximally dilated. In many, perhaps 
nost, cases it finally relaxes to its 
iaximal internal diameter. As a direct 
result of the endothelial anoxia (Lan- 
lis**, 1928) the fluid part of the con- 
tained blood passes out and through the 
valls of the vessel and sludged whole 
ood continues to be forced into the 
pen end of the vessel. Hence, the now 
aximally dilated small vessel becomes 
till more solidly impacted with masses 
f agglutinated blood cells. This differs 
ym simple stasis in that the reduction 
blood flow was initiated by the re- 
tance of masses of sludge to passage 
rough the vessel, the vessel is impact- 
with agglutinated blood (not unag- 
itinated, separate, but concentrated, 
od cells) and such solid impactions 
much more difficult to resolve than 
iple stasis. (Cf. Florev'*, 1926, who 
scribed microscopic observations of 
resolution of stasis. ) 
Each time this set of processes 
urs, it acts toward reducing the 
ulating blood volume and venous 
urn, as follows: 

The stranded masses of blood cells 
ich constitute the minute thrombus 
embolus no longer circulate. They 
lost from the circulating blood. The 
ume .of the circulating blood is 
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decreased by an amount equal to the 
total volume of the blood cells in the 
dilated, impacted vessel. This volume 
is almost always notably greater than 
that of the plug or plugs which initiated 
the impaction. 

b, The blood fluid, whatever the 
composition of the dissolved solutes, 
is lost, at least temporarily, from the 
vascular system. By this amount the 
circulating blood volume is also still 
further decreased. 

c, The impacted masses, whether 
thrombi or emboli, directly plug one 
pathway by means of which blood 
could have passed from the arterial 
system to the venous system. 

The summation of these 3 sets of 
tactors acts directly toward decreasing 
venous return to the heart. 

The exact amount of the decrease in 
venous return caused at any one time 
in a subject by these processes obvious- 
ly depends upon the rates at which 
these minute thromboses and emboliza- 
tions and their direct sequelae are oc- 
curring, minus the rates at which blood 
volume restoring processes, and blood 
pathway reopening processes, are oper- 
ating. 

When but a few minute thromboses 
and, or, embolizations are occurring, 
the current clinical methods may de- 
tect but little or no changes in the 
circulation of the living patient. 

Enormous numbers of these mul- 
tiple, minute embolizations and throm- 
boses and their direct immediate con- 
sequences occur, both in rapid suc- 
cession and synchronously all over the 
bodies of animals which (after induc- 
tion of deep anesthesia) have been 
caused to develop severe intravascular 
agglutination of the circulating blood 
by pounding or burning distinctly 
localized. limited portions of their 
bodies (Knisely, Eliot and Bloch", 
1945: Knisely and Bloch’, 1945; 
and Brooks. Dragstedt, Warner and 
Knisely**, 1948 and 1949). The final 
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fall of arterial pressure in these 2 con 
ditions does not occur until after great 
numbers of small vessels, all over the 
traumatized or burned animals’ bodies, 
are solidly impacted. These and the 
knowlesi malaria in monkeys currently 
are the extreme known cases of the 
operation of this set of pathologic 
mechanisms upon the whole circula- 
tory system. 

2. The histologic and_histophysi- 
ologic damage done to the whole body 
by the multiple minute embolization 
or thrombosis of small vessels in indi- 
vidual organs and tissues depends upon 
such factors as the following: 

a, The particular organ or tissue in 
which the plugging occurs. Some tis- 
sues, such as areolar connective tissues, 
ligaments, tendons and striated mus- 
are 
elements 


cles, composed of histologic 
which withstand de- 
creases in blood supply or even zero 
blood supply for considerable periods 
without suffering (detectable) immedi- 
ate serious damage. Other organs, such 
as central nervous system, or the walls 
of large vessels (O’Neill?®, 1947) con- 
sist of which withstand 
deprivation of a blood supply much 
less well. Some neurones are known 
to die within 10 minutes after initiation 
of complete anoxia. 

Warner*®, 1949, has taken motion 
pictures which show masses of sludge 
plugging individual kidney glomeruli 
of amphiuma. 

(It would be interesting to know 
whether the diabetic phenomena 
which sometimes follow infectious dis- 
ease are caused in part by multiple 
plugging of the quite individual circu- 
latory systems of great numbers of 
pancreatic Islands of Langerhans.) 

b, The numbers of reserve histolog- 
ical units in the damaged organ. This 
is what the engineers call “The Factor 
of Safety”. The various organs do not, 
of course, have identical safety factors. 


can 


elements 
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c, Whether each plug 


nent or temporary ; 


ging is perma 

d, It temporary, then the duration 
of each period a vessel is plugged is 
important, and so is 

e, The frequency with which each 
temporarily plugged. The 
with which each terminal 
embolized de 
pends mostly upon the concentration 
the arterial blood of 
just large and rigid enough 


vessel IS 
frequency 
vessel is temporarily 
within those 
masses 
to plug the narrow vessel, but still 
soft to be dis 
torted slowly and pushed at a later 


sufficiently small and 
time through the vessel. 
f, The time at which the 


plugging occurs. The total accumu 


rates in 


lated damage must, of course, be du 
to the summation of the rates of plug 
the 
rates of repair and regrowth in th 


ging, minus summations of the 
tissues so plugged. It is, of cours 
well known that different organs vary 
enormously in their abilities to repair 
and regenerate 

Currently, it 
probable that the factors listed in this 
IV are, whe 
acting somewhat slowly, or intermit 


seems increasing] 


subdivision of category 


tently over periods of vears, one sect 


of pathologic phenomena causin 
geriatric changes in the body. 

V. Various degrees of reduction 
circulating blood volume caused bh 
items I and II and IV above, initiat: 
(probably by way of vasomotor ne! 
control) intermittent prolong: 


controlled shutting off of the arterioles 


vous 


and other small vessels of a selecte 
series of tissues and organs. This st 
further reduces the blood supplied p 
unit time to certain specific tissi 
(Knisely, Bloch and Warner”, 1948) 
monkeys with knowl 
malaria which go into stage III of t 


Rhesus 


‘pathologic physiology of that disea 


die (if untreated) as a direct result 
the above 5 sets of mechanisms, wh 
in that condition are acting to a ma 
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mal and rapidly lethal degree (Knisely, 
Stratman-Thomas, Eliot and Bloch’®, 
1945). 

Thus, to return to the major problem 
of this paper, if healthy normal horses 
do have circulating agglutinated blood, 
then 2 (not necessarily mutually exclu- 
sive) alternatives must be faced. These 
are: 

The horse must have a, a vascular 
system whose arteriole and capillary 
bottlenecks are either larger or more 
distensible than those of other species, 
and, or, b, circulatory mechanics difter- 
ing from those other species, and 
mechanisms for the selective phago- 
cytic removal of solid particles from 
the blood stream by phagocytes of 
pleen and liver significantly different 
from the phagocytic mechanisms 
known to be operative in frogs and 
rhesus monkeys, or, 

2, The concept that sludged blood 
onstitutes one of the major sets of 
iechanisms whereby pathologic con- 
litions and disease damage the body 
ust be seriously challenged. 

If the healthy normal horse, which 

es have a high in vitro sedimentation 

ite, continuously has sludged blood, 

»w can we believe that sludge d blood 

in or does damage the bodies of sick 

imals and men? 

[he background material may be 

iborated in more detail as follows: 

Knisely, Eliot, Bloch and Warner", 

‘7, reported the specific character- 

tics of the healthy normal blood and 

sel walls of about 3500 healthy 
gs, 1100 salamanders, 500 laboratory 
mmals, and of 50 healthy unanes- 
tized medical students and student 
They reported 1, the circulating 
cells were not agglutinated but 
led to repel each other slightly. In 

‘fully handled tissues n red cell 

eaux were not present. 2, No white 

s or erythrocytes stuck to the inner 

ices of undamaged, healthy, nor- 

small vessels. 3, The flow of the 
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unagglutinated blood was laminar or 
streamlined. The cells of the axial 
stream were arranged in concentric 
laminae, the center one passing along 
most rapidly and each additional layer 
passing along more slowly than the one 
inside it. One most important observa- 
tion for this paper was that the wall 
of each lamina consisted of unagglu- 
tinated blood cells; each layer was 
exactly one red cell thick. 

The terminal arterioles are long nar- 
row, progressively tapering cones 
which join capillaries or sinusoids. The 
narrowest portion of each such termi- 
nal arteriole and capillary or sinusoid 
can contract so tightly shut that 
nothing can pass through, is under 
most circumstances so narrow that 
every red and white cell passing 
through must be folded or distorted, 
and when this narrowest portion is 
maximally relaxed it is only from 1 to 
2 or 24 times the diameter of the ani- 
mal’s own blood cells. (For additional 
statements of concepts of the internal 
diameters of arterioles, metarterioles, 
capillaries, and special capillaries, see 
Krogh*!, 1929: Clark and Clark’, 1935; 
Zweifach** 1937, 1940; Fulton and 
Lutz'*, 1942: Chambers and Zweifach’, 
1946; and Knisely, Bloch and War- 
ner-°, 1948). 

Arteriovenous anastomoses have 
been found in some tissues (reviews 
by Clark’, 1938; Boyd?, 1939; and 
Clara®, 1939) but these are so few in 
number and so widely scattered that 
they cannot nourish the cells of the 
tissues. If the cells of the tissues and 
organs are to receive sufficient oxygen 
and other anabolites and the metab- 
olites be removed effectively, then the 
blood must flow through tissue capil- 
laries and it must flow rapidly. Thus, 
as is well known, the terminal arterioles 
and capillaries or sinusoids are, under 
all conditions of health and disease, a 
perpetual bottle-neck in the vascular 
system. 
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Professor Robin Fahraeus’, 1929, in 
his Physiological Reviews article en- 
titled “The Suspension Stability of the 
Blood” mentions on page 261 a micro- 
scopic study of the blood stream in the 
fine vessels of the mesentery of the 
living horse. He states that “The study 
of the blood stream in the fine vessels 
of the mesentery of the living horse 
does not give at first sight the impres- 
sion of a granulated stream. But closer 
observation makes it clear that this is 
due to the fact that the corpuscles are 
so strongly aggregated that they do 
not separate. The blood of the horse in 
the finer vessels is really not at all a 
suspension, the erythrocytes running 
along as a compact coherent string in 
the middle of the vessel: only when 
the stream is slowed by pressure on 
the supplying arteries does the string 
show granulated outlines and finally 
break to pieces.” 

Professor Fahraeus does 
the number of horses studied, nor 
whether they were carefully selected 
and cared for, to see that thev were 
healthy before the observations began. 
He does not state the anesthetic used, 
the precautions taken to keep the tis- 
sues moist and at body temperature, 
the duration of the experiments before 
the 
made, the magnifications emploved. 
nor whether any precautions were 
taken to prevent the blood flowing 
beside the injured body wall in what 
would seem, in a horse, to be a verv 
extensive laparotomy, from precipitat- 
ing and agglutinating into a_ thick 
pastv sludge as has been described by 
Knisely, Eliot, and Bloch'?, 1945. Fur- 
ther. he not state whether the 
animals observed recovered from the 
operation. 

Also, Knisely and Bloch', 1945, and 
Knisely, Bloch, Eliot and Warner'®, 
1947. reported a survey in which now 
more than 1000 human hospital patients 
having more than 50 different clinical 


not state 


microscopic observations were 


does 
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have 


tound to 
intravascular agglutination of the ci 


diagnoses were each 
culating blood. The masses of which 
different blood 


composed were not rouleaux. The mass 


these sludges were 
es were larger and more rigid than the 
quite familiar rouleaux 
Further, the 


enough to cause easily 


serpentine 
largest masses were large 
visible perma 
nent emboli which plugged terminal 
human arterioles 

Two general, separate and distinct 
types of blood cell masses have beet 
recognized in this study 

1. Those which do not break up mnt 
smaller parts as they ar 


carried int 


and forced along down through. the 
lv narrow, cone-shapes 

arterioles and the 
narrow, cvlindrical capillaries. By 
these 


do not break up have been name d tl 


long progressive 
arterioles, terminal 
arb 


trarv definition masses whicl 


basic masses of a sludge. usuallv abbr 


viated, partic ularly conversation, t 
“the basics” 

Bv means of high spec d flash photog 
] 


raphy each exposure lasting 


mately 1/2000 second, the fact 


approy 


th { 


the “basics” are present in arteries ha 
been recorded in colored still pictur 

Life magazine** of May 3] 1948 
Further. the basic masses can be see 
In arterioles the scenes followir 


titles no. 28. 65 and 77 in the moti 


“Knowle Sl Malaria in Mii 


picture 


key -niselv. Sti itman-Thom 
Eliot and Bloch'®, 1945 


A gates of ha 


'T 
masses. These aggregates frequentl\ 


Cohering 


ordinarily are considerably larger tl 
the basic masses of which they 
composed. The aggregates do bre ik’ 


long ( one-shape d at 


into smaller parts as thev are 
down through 


rioles. etc. Each such aggregate bre 


up into its own component “basi 
when it passes through an arteri 
and. or. capillary. And, in manv 


tients. the “basics” so released ref 


in new combinations. into new ag‘ 
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gates as they are carried into small 
venules in which the blood is flowing 
slowly. 

Plowman*’, 1920, studied, as far as 
can be determined at this late date, the 
rates of re-agglutination of basic masses 
in small retinal veins. As his observa- 
tions were limited by the very low 
magnifications and resolving powers of 
wn) ophthalmoscope, he certainly did 
not see terminal arterioles, capillaries 
or individual basic masses. 

These 1000 in vivo samples of 
sludged human blood have been ob- 
served microscopically while circulat- 
ing to varv a, from disease to disease. 
ind b, in some carefully studied cases 
luring the course of one disease in one 
vatient. These different sludges varied 
i such easily observable fundamental 
ictors as the sizes (all comparisons 

ere made using ocular micrometers ) 

itistical distributions of sizes, the 
legrees of plasticity or rigidity, and of 
lasticitv, toughness, or fragility, and 
titual stickiness of their basic masses. 
(his last may be taken as a direct 
lication of differences in the strengths 
{ mutually attracting charges on the 
isic masses.) And the sludged blood 
different human patients varied 
internal cohesiveness of their 
irge aggregates. 
The sizes and degrees of internal 
iditv of the basic masses are 2 fac- 
rs which determine the resistance of 
basics to their own passage through 
minal arterioles, capillaries or sinus- 
is. In quartz rod_ transilluminated 
rnal organs of mammals, in which 
iter immersion objectives giving 
gnifications up to from 400 to 600 
meters can be focused, it is easv to 
small arterioles, terminal arterioles, 
capillaries forcibly bulged by the 
ic masses being pushed in single 
through them. Sometimes, if the 
sses are sufficiently large and rigid, 

h vessel is bulged bv each passing 

‘Ss just as a snake is bulged by a 


~- 
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large frog it has swallowed. Further, 

the masses are somewhat compressed 
and elongated by the compressing 
force exerted on them by the walls of 
the vessels through which they are 
passing. 

The degree of this elongation is, of 
course, an expression of the degree of 
internal rigidity or plasticity of the 
basic mass. The less rigid the mass the 
more it is squeezed out and the longer 
it becomes. 

When an animal has a homogeneous 
sludge, that is, when all the passing 
basic masses are about the same size 
and have similar degrees of internal 
rigidity, then the larger and more rigid 
the basic masses are, the greater each 
mass bulges the vessels through which 
it is passing and the slower the blood 
flows through each arteriole, termina! 
arteriole, and capillary blood pathway. 

One of the next significant proble ms 
on which we need to work intensively 
in this laboratory is the determination 
of the diameters of the largest basic 
masses which will go through the ter- 
minal arteriole-to-capillary bottle-necks 
at times when a, the arterial and 
venous pressures are within the normal 
ranges, b, the bottle-necks are maxi- 
mally dilated, c, the basic masses are 
maximally compressed and d, the 
masses still go through. Preliminary 
measurements with a not too accrrate 
method indicate that homogeneous 
spherical, rigid, basic agglutinated red 
cell masses about 30 to 35 micra in 
diameter are just able to pass through 
rather widely dilated dog arterioles 
and capillaries. Many and more accur- 
ate measurements of this kind made 

different parts of one animal, and 
in different species of animal, are now 
obviously needed. For the exact exter- 
nal diameters of compressed masses 
passing through maximally dilated 
and bulged vessels constitute limiting 
cases; all “circulation”, hence all verte- 
brate life. must occur when the basic 
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masses of homogeneous sludges are 
smaller than this. 

In an animal in which the _ basic 
masses are of mixed sizes and degrees 
of rigidity, some being larger and more 
rigid than others, the largest and most 
rigid masses can be seen, under water 
immersion objectives, to bulge blood 
vessel bottle-necks and embolize them. 

The resistance which sludged blood 
presents to passage through the arte- 
riole-capillary bottle-neck depends 
upon 4 factors, 2 of which are proper- 
ties of the basic masses and 2 properties 
of the walls of the bottle-necks. These 
are, a, The sizes and degrees of inter- 
nal rigiditv of the masses, and hb, The 
internal diameter of the bottle-neck, 
and the degree of distensibilitv of the 
bottle-neck at that particular diameter. 
The latter factors are usually called 
the “tonus” of the vessel. The forcible 
bulging of a vessel by a mass must 
be an energy consuming process. This 
energy can come only from the arterial 
pressure. The elastic return of the ves- 
sel behind the forward moving mass 
mav return some of this energv to the 
forward moving blood. The deforma- 
tion of a mass from an approximate 
sphere to an approximate spindle shane 
must also be an energy consuming 
process, taking energy which also can 
come only from the arterial pressure. 

Thus it is important to note that the 
passage of sludged blood through the 
vascular bottle-necks presents prob- 
lems in rheology much more compli- 
cated than the flow of a simple viscous 
or Newtonian fluid, or of unaggluti- 
nated blood, through narrow. cvlin- 
drical tubes with rigid walls. 

After one has had rather extensive 
experience studying the passage of 
agglutinated masses through vessels 
at high magnification in animals. it 
becomes possible from time to time 
under favorable conditions to observe 
the same kinds of phenomena at lower 
magnifications in the bulbar conjuncti- 
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val vessels of sick human_ hospital 
patients. 

A detailed account of the known 
mechanisms whereby sludged blood 
damages the body has already been 
mentioned. Further, a detailed account 
of one mammalian disease in which the 
mechanisms of sludge are the major 
cause of death has also been published 
documented with motion pictures 
taken through the microscope (Knisely 
Stratman-Thomas, Eliot and Bloch" 
1945). 

In a review article in the Swedish 
language, entitled “Den Intravasala 
Ervthrocvtaggregationen, dess_ His- 
toriska och Fvysiologiska Betydelse” 


(translated) “The Intravascular Ery 
throcvte Aggregation, Its Historical 
and Physiological Importance”, Profes 


sor Fahraeus'®, 1948, again pointed 
out “that microscopic studies of the 
flowing blood of the paracapillary ves- 
sels of the horse have convinced me 
that in this case the blood can hardly 
be called a suspension.” He does not 
sav that he has made additional micro- 
scopic observations of circulating hors: 
blood since 1929. Toward the end of 
the paper, Fahraeus says “as already 
stated, the mentioned characteristics 
of horse blood are in favor of the view 
that a very low suspension. stabilits 
can be quite a normal phenomenon 
which constitutes a warning against 
drawing impulsive conclusions con 
cerning the pathological significance of 
‘sludged blood’.” 

Thus, we are faced with the problen 
of whether or not healthy norma! 
horses have intravascular agglutinatio1 
of the circulating blood. What is specia 
about horses’ blood? If the blood o 
healthy horses is agglutinated in vive 
are the masses hard, or soft so that the 
mav easily be squeezed out into lon 
plastic spindle-shaped masses as _ th 
are forced to pass through termin 
arterioles into capillaries? Or, is it po: 
sible perhaps that the terminal artet 


} 
il 
} 
} 


CIRCULATING BLOOD OF 


es and capillaries of healthy normal 
horses have considerably wider diame- 


ters than those of other species of ani- 


nal? Or are they more easily disten- 
ible? 
Further, what special teatures of 


irculatory mechanics prevent masses 
red cells from 
ttling by ordinary gravity to the low- 


{ agglutinated horse 
horizontal or nearly hori- 
( Warner*’, 1948. ) 
There is yet another aspect of this 
problem: Knisely, Bloch and Warner?". 
1948. have observed the circulation in 
the sinusoids of living transilluminated 


sick S ot 


mtal vessels? 


ers of frogs and rhesus monkeys. In 
each of these species the sinusoids are 
branching and anastomosing evlindri- 

each completely lined with 
highly efficient at re- 

oving certain types ‘of foreign parti- 
cles from the circulating blood. In the 
trog. minute particles of India ink, kao- 
lin and graphite injected into the vas- 
been directly 
a coating of glassy 
which completely 
h of these particles. Whenever such 


tubes 


cells which are 


lar svstem, have ob- 


\( ed to 


terial 


receive 


cove red 


tings, containing particles of the 
e materials, touched the sinusoid 
linings of the liver, each coating with 


itever it contained was instantly se- 
phagocyvtized from moving 


ively 
blood. 


rhesus monkeys during Stage IT 


nowlesi malaria, each parasitized 
re cell receives a clear glassy coating 
of a precipitate which completely 
surrounds the parasitized red cell 
sely, Stratman-Thomas, Eliot and 


B! 1945: and Kniselv, Bloch, Eliot 
Warner'®, 1947). These coatings 
h been photographed by dark field 
in itro (Reel II of the Knowlesi Ma- 


lar. film). The coatings also act as op- 
so) is by sticking the parasitized red 
ce’ to the hepatic sinusoid lining cells 
\ rapidly ingest the coatings with. 
by ccessity, the contained parasitized 
red cells. 
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Following burns in dogs (Brooks, 
Dragstedt, Warner and Knisely**, 1948 
and 1949) coatings form on groups of 
red cells and stick them together in 
hard clumps. These coatings also 
almost certainly act as opsonins, for 
clumps of such red cells have been 
found in the phagocytes in histologic 
sections of spleens and thes of these 
burned dogs. 

In both frogs and rhesus monkeys, 
normal, naked, uncoated, unaggluti- 
nated red cells have been watched 
sliding and bumping along the inner 


surfaces of the highly phagocytic, 
hepatic, sinusoid lining cells and not 
one single naked unagglutinated red 


blood cell has ever been observed to be 
selectively ingested. 

Thus, we are faced with the follow- 
ing additional problems: If the healthy 
normal horse does have intravascular 
agglutination of the circulating blood, 
then we must seek a whole new series 
of answers about the selective phago- 
cytic removal of particles from the 
blood by the phagocytes of horse 
spleen and liver. 

a, Perhaps agglutinated horse red 
cells are not coated, or are not phago- 
cvtizable. 

Does the horse perhaps have 
special mechanisms to prevent the 
selective ingestion of its own aggluti- 
nated blood cells? 

c, Does the horse perhaps continu- 
ously have a very high rate of phago- 
cevtic destruction of agglutinated blood 
cells and a correspondingly high rate 
of erythropoiesis? 

Materials and Methods. Nine healthy 
normal horses were selected for microscopic 
study by members of the faculty of the 
College of Veterinary Medicine of the Uni- 
versity of Illinois at Urbana. It is important 
that these horses were selected by 
accredited veterinarians. Further, the horses 
selected had been under the routine care of 
these veterinarians, a part of whose responsi- 
bility it is to maintain the livestock of the 
agricultural school at the highest degree of 
good health. 


to note 
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One horse was a dappled gray mare, 
weighing approximately 1800 pounds. She 
an exceptionally healthy animal, kept 
by the veterinary school for one purpose only 


that of supplying blood with which to make 


Was 


serums. She was trained to be led with a 
halter, but was not trained to wear a harness 
Ol a saddk 9 and had never done any phy sical 
work of any kind. Various members of the 
veterinary staff volunteered information that 
they had never seen her exhibit any sign of 
illness during the last consecutive 6 vears. 

This horse was particularly valuable for 


microscopic study of the circulation, not only 


because ot her past record of good health, 


but also because the veterinary school no 
longer needed her to donate blood (because 
one other similar horse was sufficient for 
that), could not sell her because she was 
not trained to work and, therefore, intended 
to kill her to use the horse meat to feed 
the members of their dog colony. As _ will 


be noted later, the circulating blood of this 
healthy horse was studied carefully 2 differ- 
ent times, a week apart, the horse was then 
killed and autopsied carefully, which provided 
i final control on the previous good health 
of this one animal. 

The other 8 two 
horse teams which routinely were doing light 
work on the farms of the agricultural colleg 

The veterinary 
operating table for 
not quite complete; 


horses consisted of 4 


school has a new surgical 


animals. It 
hence, it 


large was 


Was 


to Improvise some temporary arrangements 
for holding the horses still, particularly th 
equipment for binding the feet had 
to be improvised. For binding, large-diameter 
soft cotton (not sisal) ropes were used. They 
were approximately 1 inch in diameter, wer 
quite new and soft, and were never bound 
to the horse more tightly than was necessi- 
tated by the degree of kicking and jumping 
which the animal did at a given time. Knisely 
Eliot and Bloch!7, 1945, have with 
motion picture records taken through the 
microscope, that healthy blood flowing in or 


horse 


show n, 


near mechanically traumatized tissues 
changes from its unagglutinated state to 
heavily precipitated and agglutinated blood 


This was why the horses were treated as 
gently as possible, the binding ropes soft 
ind not tied more tightly than was _ nec- 
essary. 

The steel operating table could be swung 
into the vertical plane, a horse led up beside 
it, and bound loosely to this plane, which 
seemed as solid as the wall of a building. 
After the horse was loosely attached, an 
electric motor acting through a_ hydraulic 
pump, smoothly pulled the hinged ‘vertical 
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table into the horizontal plane, the fina 
result being that the horse was lying on 
table 30 high. Th 
various flat straps around the horse's belly 
and ropes around ankles were then pulle: 


approximately inches 


a little tighter, some heavy cloth was pu 
under the horse’s head and the head the: 
tied down with flat straps and soft cords 


Several attendants, men known to the hors« 
stood ready to help quiet the horse if 
should begin to thrash about 

Then a bi-objective, binocular, stereoscopi 
Leitz microscope of the type shown in Fit 
1 of Knisely, Bloch, Eliot Warner!' 
1947, focused the bulb 
conjunctiva nictitating membrane 


and 


was onto horse's 


and, or, 
These tissues were illuminated obliquely | 
means of a Shahan’s ophthalmoscopic lam) 

The method 
study of 
together with a 


permits direct microscoy 
of lox al blood 


statistically valid sample 


ome set Vesse 


all the animal's circulating arterial blood. 


that this is a statistically valid 


fact sam] 
of the circulating arterial blood of an ani 
has been checked in rhesus monkeys, do 
cats, rats, guinea-pigs and mice by openi: 
an individual animal widely and_ studvi 
the mechanical condition of the blood 
tissue after tissue. It was first checked in 
rhesus monkey with knowlesi malaria 


observations were made on 
the 


mesenteries, 


this monkey 
surface of exposed pia arachnoid, 

outer 
and lar 


ureters, SI 


omentum, 


of 


faces ot 


taces of many areas small 


mitestines edge of the liver, 


vessels within large nerves, pancreas 


some easily available inner surfaces of 


wall musculature, together wit 
observations of blood flowing on the inner 
the everted eyelid and of blood 
flowing through small vessels in the bul 
conjunctiva. In all these places, the mec! 


ical the blood 


the arterioles was identical 


striated body 


surtace of 


coming d 
Similar obs« 


condition of 


made in traumatized d 
animals 


tions have been 
other 


burned dogs and in great numbers of 


laboratory also. traumat 


mals each of which was opened with 


previously described (Knisely, Eliot 


Bloch!7, 1945 bloodless sludgeless O} 
tion. From this type of experiment we | \ 
that the blood coming down anv sé 
arterioles in the body is a. statistically 


sample of the blood coming down all 
arterioles of the body. This makes it po: 


to study the blood coming down the art es 
of the bulbar conjunctiva and nictit 
membrane of experimental animals an 
certain that we are seeing a valid s 
of all of the animal’s circulating a: ul 
blood. 


, 
< 
> 


tion as they pass through small veins. 


CIRCULATING BLOOD OF 9 


Phis concept does not hold for small veins, 


tor the simple reason that as various types 


circulatory pathology become progressively 


worse, various sets of veins of the body 
respond at either different rates or to differ- 
ent degrees. Some may plug up with masses 
‘ sludge before others, and the degree of 
harge agglutination in some tissues is greater 
than in others. “Charge agglutination’ was 
lefined by Knisely, Bloch, Eliot aad 
Warner!®, 1947, as the agglutination of basic 
1asSeSs a set ot whereby basic 


processes 
asses Which do not break up as they are 
ushed through terminal arterioles and capil- 
agglutina- 
This 
vglutination in small veins has been observed 
most ot 
what 
degree ot 
they 


iTles undergo a loose, secondary 


many previous investigators, 
We©»re 


ignification 


not too certain of exactly 


with any given 


of the 


seen 
roscopes 
nploye d 

In 
‘ nictitating 
iInctiva 


summary, microscopic observation of 
membrane or bulbar con- 
study of a set of small 
of a statistically valid sample 
arterial blood, but not 
microscopic images of a 
itistically valid sample of the venous blood 


the body. 


permits 
ls and 
circulating does 


ecessarily vive 


Results. The first horse to be ob- 
rved by this method was the 1800- 
ound dappled gray mare. She was 
mmpletely unanesthetized for the Ist 
ries of observations. This horse had 


large area of bulbar conjunctiva 
hich could be studied easily when- 
er she would hold her eves. still. 


hen first on the table she rolled her 
s a good deal which made observa- 
In about 5 minutes, 
wever, during which the horsemen 
‘ke quietly and reassuringly to her, 
voluntarily quieted down and 
quite relaxed, which made 
to study the blood in her 
‘ie conjunctival vessels. She was 
the operating table most of one 
rnoon during which we had many 
lent periods of study and could 
ly both the vessels and the circulat- 
blood at magnifications up to X 64. 
stereoscopic microscope in use 
e splendid detail at this magnifica- 
Every factor of normal, circulat- 


impossible. 


ame 
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ing blood was exactly as we have found 
and described it in previous studies 


made in laboratory animals and in 
healthy, unanesthetized, unoperated 
human beings: namely 


The erythrocytes were unagglutin- 
ated. 

2. Leukocytes were not sticking to 
the insides of the walls of small vessels. 

The flowing of the unagglutinated 
blood was laminar. 

4. Small vessels were not leaking 
fluid rapidly enough to cause micro- 
scopically detectable hemoconcentra- 
tion of the passing blood or edema of 
the surrounding tissues. 

5. The flow in most vessels, which 
were 60 to 100 micra in diameter, was 
so rapid that individual red cells could 
not be In narrower vessels indi- 
vidual red cells could barely be seen 
at the X 64 magnification. There were 
spaces between them. Also, it was easy 
to see that these red cells were not ag- 
glutinated, by the simple process of 
measuring the width of the narrow col- 
umn of blood cells passing through the 
smallest vessels. This could be done 
with an ocular micrometer scale and 
it showed that the red cells were pas- 
sing in single file. 

Another observational technique, not 
previously described, also showed that 
the red cells were not agglutinated. 
This consists of measuring the thick- 
ness of the wall of the individual lam- 
ina in the laminar systems of smallest 
post-capillary venules. (For descrip- 
tions of the laminar systems, see Pois- 
eulle*!, 1841, and Thoma***4, 1896 and 
1927.) In every microscopic field ob- 
served, the wall of each of these con- 
centric laminae was exactly 1 red cell 
in thickness. This can easily be ob- 
served in flowing blood and is indisput- 
able evidence that the moving red cells 
were not held together in clumps. 

This was the condition, then, in the 
early part of the afternoon while this 
healthy horse was being studied. 


seen. 
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Che horse held still enough so that 
many people had a look at her circula- 
tion—not only persons skilled at study- 
ing circulating blood with microscopes 
but who had 
had no previous experience in making 
microscopic studies of flowing blood. 
These men could observe small veins. 
but it takes more experience to see 
small still marrower 
vessels. Each of these volunteered that 


at least 6 veterinarians 


arterioles and 


he saw no signs of gaps in the streams 


ot 


no signs of “beads” in the small veins, 


red in small veins and that he saw 


which is evidence that “charge agglu- 


tination’ was not occurring in these 


had 


the motion picture, “Knowlesi Malaria 


veins. (These veterinarians seen 


ot 


in Monkeys,” hence were conscious 
the fact that separate masses might be 
observable in veins of living animals 
Dr. Gregg, veterinarian, drew a sam- 
ple of blood from this horse's jugulai 
vein and ran a sedimentation rate test 
upon it. The blood sedimented 
very rapidly. In a column of blood 5% 


inches high in a 6-inch test-tube, the 


cells 


upper surface of the suspended red 
cells fell inch, (approximately 3 
mm.) in the first 5 minutes, and 1% 
inches (approximately 28 mm.) in the 


first 20 minutes. The veterinarians who 
were watching the work said that the 
cells of this blood settled 
usually found 


as rapidly 
as is in apparently 
healthy horses 

These observations permit the first 
major deduction, which that the 
rapid sedimentation rate of the blood 
of healthy 
taken as evidence that the horse has 
intravascular agglutination of the cir- 
culating blood. As a direct first corol- 
necessarv to conclude that 
the mechanical 


blood 


is 


horses in vitro cannot be 


larv. it is 
in 
the 


alteration 
characteristics of 


some 


oceurred 


either a, while it is being drawn out of 


the horse, or b, almost immediately 
ifter it is put into the sedimentation 


rate tube 
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[his 


chloral hydrate 


anesthetized with 
and. the 
circulating in small vessels observed 
Following the chloral hydrat: 
the 
or develop agglutinated blood; hence 
it is possible to conclude that chlora 
hvdrate intra 


vascular agglutination of the blood anc 


horse Was 


animal's blood 


again 


anesthesia animal did not have 


does not always cause 


may never cause intravascular agglu 
tination of the blood. 
ot 


watching this whol 


atten 


pro 
per 


formed the following maneuver. He di 


\ number non-scientific 


dants were 
cedure, one of whom accidentally 
not know the delicacy of living tissu 
and without warning to us, reached 

finger onto the anesthetized horse's bul 
bar conjunctiva, his purpose being t 
pull the nictitating membrane out ov: 
the ot to make that 
tissue easily observable. His fir 
gel slipped ind he pushed the finge: 


surtace the eve 


more 


hard against the side of the horse's bul 
bar « onjunctiva Had the horse not bee 
anesthetized, the finger jab against th 
side of the eve would have been quit 
painful. 


Immediately after this moderate d 


gree of trauma, we focused a mict 
scope onto this partly injured tissu 
All the blood flowing through the sm 
vessels in this injured area chang: 
from healthy unagglutinated blood as 
entered, into thick, pasty agglutinat 
blood as it passed through the injur 
area or tissue and on into small vei 
exactly as in traumatized tissues 
other animals 

The precipitation and agglutinati 
of blood flowing through partly crush 
has been described in det 
Knisely, Eliot and Bloch'*, 194 
Subsequent unpublished experime: 
have shown that when a dog is stn 
from 20 to 40 blows on the back le 


enough sludge 


tissues 


by 


comes from this set 
of multiple injuries to change all t 
animal's circulating blood to a thi 
pastv sludge and that this thick slu 
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is a major factor in the particular type 
shock which mechanical 
trauma. The precipitation of the blood 


follows 


flowing through crushed tissue has 
been recorded in colored motion  pic- 
tures 


1948, has offered another (and 


Fahraeus!” 


to us unacceptable) explanation for the 
pearance of masses in blood flowing 
rough or beside crushed tissues. He = says, 


ranslated) “I further believe that Knisely is 


vrong in assuming that erythrocyte aggrega 


nm which can be observed In the vessels 

fter trauma is due to a change in the blood 

lled forth by trauma. The explanation is 
rtainly that the mechanical irritation causes 
sel contractions which lead to a reduc- 

n of blood flow and this in its turn cre- 
the conditions for the appearance of 
nular flow 
\ factor, necessary for this concept to 
true, would be the contraction of the 
el in which the sludge is forming, before 
sludge begins to form. 

Since’ Knisely, Eliot and Bloch!7, 1945, 
lished descriptions of observations — of 
pitation and agglutination of blood flow- 
through crushed tissue, the following 


int observations and experiments have 
cle 
The quartz-rod transilluminated edges 


parotomy 


studied 


bi-objective 


wounds have been 


microscopes Stereoscopic, 


Leitz microscopes, giving magnifications of 
X 18. 64 and 96 have usually been used. 
Frequent observations have also been made 

higher magnification monobjective 


scopes in the thinner parts of the edges 
parotomy The edges of such 
been studied in mice, rats, cats, 
and monkeys. In 
ise wherever blood flowed through 
ir traumatized tissue, the blood flowing 
hanged as it flowed from unagglutin- 
freely-flowing blood, to thick, 
flowing sludged blood. The 
in post-capillary venules and small 
ind remained discrete, solid masses 
carried into the next larger 
veins and mixed with unagglutinated 
from adjacent untraumatized areas. 
curred whether the vessels in the 
tized tissue were constricted or dilated, 
occurred continuously during 


wounds. 
ls have 
rhesus 


pigs dogs 


pasty, 
masses 


were 


periods 
uch vessels were going through slow 
te contractions and dilatations. Thus, 
tion of the vessel is not necessary for 
n of the formation of sludge. 

masses of sludge so formed were not 
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rouleaux, though as noted by Knisely, Eliot 
and Bloch!7, 1945, short rouleaux were fre- 
quently contained within them. The mem- 
bers of our laboratory are, through years of 
experience, thoroughly familiar with rouleaux. 
The masses formed in blood flowing through 
or near crushed tissues are much larger in 
diameter than rouleaux. The red cells are 
arranged at all angles to each other within 
the masses, and the masses are more rigid 
and are tougher than the ordinary, quite 
familiar flexible serpentine rouleaux. 

doubt but that many 
people have, through failure of precise direct 
observation, and easy uncritical assumption, 
been calling any set of masses seen in cir- 
culating blood, “rouleaux”. This, now his- 
toric mistake, cannot be permitted to go on, 
for it has been blinding many to the path- 
ologic importance of the phenomena now 
under discussion. 

2. To find out if substances can come from 
crushed tissues, pass in through vessel walls, 
and initiate precipitation and agglutination 
of the passing blood, the following tests have 
been made. They consist essentially of taking 
pulped tissue from a donor animal and plac- 
ing it upon the surfaces of untraumatized 
tissue of a test animal. The test is read by 
means of a microscope focused into untraum- 
atized vessels thus exposed to possible sub- 
stances diffusing from pulped organs of the 
donor. In detail, the tests were carried out 
as follows: 


There can be no 


First, a mouse was prepared using a blood- 
less, sludgeless laparotomy as described by 
Knisely, Eliot and Bloch!7, 1945. A_ loop 
of the animal’s small intestine was drawn 
out so that it could be transilluminated for 
microscopic study. The mouse was used for 
2 reasons: first, the small intestine is so thin 
that the whole organ can be transilluminated 
from one side to the other: thus it is not 
necessary to traumatize mouse small intestine 
in any way to prepare it for the following 
microscopic study and _ tests. Second, the 
small vessels which nourish the outer layers 
of the smooth muscle of the intestine are 
verv close to the inner surface of the meso- 
thelium which covers the intestine. Thus, it is 
an extremely short distance from the outer 
surface of the mesothelium in through the 
intestinal wall to the endothelium of the 
which nourish the gut muscle. To 
make the test technically simple and thus 
more easily successful, this distance must 
be kent as short as possible. Hence a small 
mimal, mouse, was first used. From now on 
the mouse prepared as outlined will be called 
the “test mouse,” or “test animal.” 

A careful microscopic study of the exposed 


vesse Is 
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loop of intestine showed that all the blood 
lowing through its smallest vessels was com 
pletely unagglutinated. This could be 
with the stereoscopic bi-objective microscope 
Further, 
compound microscope mounted on a 


seen 


we have a regular mono-objective 
swing 
irm which makes it possible to focus high 
on transilluminated 
up to X400 
clearly that all passing red cells were com- 
pletely free from each other. 

Next, another mouse was killed by cutting 
its head off with scissors, and parts of 
individual 
each by itself, and crushed. This mouse was 


the 


magnification lenses 


tissues. Magnifications showed 


each 


of a_ series of organs removed, 


donor animal. 


A bit of striated muscle from the donor 
mouse was crushed repeatedly between 2 
glass slides, and a droplet of the muscle 


1 


pulp, about & the diameter of the head of 
2 common pin, placed gently on the outer 
surface of the transilluminated intestine of 
the test mouse. While this was done, the test 
area was 
The outer surface of the intestine not 
itself touched at all with the instrument 
which placed the droplet of crushed, striated 
the A small droplet of 
pulp was used so that it would be 
possible to focus through its edges and study 
possible reactions occurring in small vessels 
within the surface of the underlying small 
intestine 


continuously under observation 


was 


muscle on intestine 


mus¢ le 


Within 2 seconds or less, after the wet 
pulped, striated muscle touched the intestine, 
ill the blood passing through the smallest 
vessels underlying the muscle pulp began 
tu change to a thick, pasty sludge. The sludge 
was formed in capillaries and small post- 
capillary venules regardless of the diameters 
which  thes« had at the moment 
Sludge was formed in contracted vessels and 
in dilated and it was formed con- 
tinuously in vessels which were undergoing 
rhythmic contractions and dilatations. These 


vessels 


Ve ssels. 


vessels contracted at times to zero and at 
times dilated, or relaxed, to their maximal 
internal diameter. Whatever the diameter 


of these vessels, the blood passing through 
them changed to a thick. pasty sludge. 

In contrast, in similar vessels of adjacent 
ireas of the intestine which had not 
exposed to juices from the striated muscle 
pulp, no precipitation or agglutination of the 
nassing blood was occurring. No precipitation 
or agglutination occurred in vessels. whether 
thev were contracted narrowly or relaxed 
maximally or undergoing rhythmical contrac 
tions and relaxations. 

Thus, 1. contraction of small vessels did 


heen 


not in itself initiate sludge formation. and 
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2. in areas exposed to substances coming from 
the pulped, striated sludge was 
formed regardless of the diameters of the 
vessel 


mus¢ le, 


small vessels. Thus, contraction of a 


is neither sufficient 
sludge formation 


nor necessary, to initiate 


The major conclusion from this type 
of experiment is, of course, as follows 
From fresh, mechanically pulped stri 
ated muscle, some one or more sub 
stances are released capable of I, pas 
sing, probably by diffusion, through 
a, the mesothelium of the peritoneum 
b. a thin laver of smooth muscle, and 
c. the endothelial walls of small vessels 
and 2, initiating precipitation and ag 
glutination of the contained passing 
blood. 

From now 
be called “sludge initiator substances’ 


on. such substances. will 


Similar tests 
donor mice have 


using pulped tissues fro 
initiat 
liver 


shown that sludge 
from pulped_ brain 
spleen, smooth muscle taken from the g 
wall, testis and kidney. Other ha 
not vet been tested. 

thes 
substances diffuse 
thin 


seenis 


substances come 
tissues 


Because particular sludge initiat 
so rapidly through sever 
including endothelium 

probable that. thev have | 


molecular weights 


membranes, 
quite 


Somewhat similar but ultimately more u 
ful tests 
follows 


have been made using dogs 

A test dog was ane sthetized with pher 
barbital. Micros« op observation of the blood 
through his bulbar 
showed his blood to be completely unag 
tinated (Knisely, Bloch and Warner'®, 194 
He was then opened with a nearly blood! 
sludgeless mid-line laparotomy incision. | 
mediately afterward there buts: 
softly agglutinated blood cells 
passing through his bulbar conjunctival 
Most blood cells 
glutinated 

\ donor dog was killed, large piece 
striated muscle taken from his back legs 
reduced to a fine wet pulp in a I 
machine. Great double handfuls of 
freshly pupled muscle were then place 
table the belly of 
test dog. 

The test dog lay on his side, belly to rd 
the mounds of wet muscle pulp. Next Ds 
of the test dog’s small intestine were ¢ thy 
withdrawn and spread, mesentery and_ all 


flowing conjunct 


were 
amounts of 
were unig 


sels passing 


top right beside 


ly 
i} 
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pon and across the wet, finely pulped 
triated muscle. 

\ Shahan lamp illuminated the test dog’s 
and by the reflected 
ght the tollowing could be seen  stereo- 
opically at X32, 64, and 96 magnifications: 

|, The blood passing down afferent or 
rterial branches of the mesenteric vessels 
is almost completely unagglutinated; it 
is closely similar to that previously seen 

the dog's conjunctiva. 

2, The blood returning through the great 
iunbers of venous arcades of the intestinal 

sentery was precipitated and agglutinated 
to great thick, sticky wads and masses. 

From the time the donor dog is killed until 
e test is read need not be more than 10 

nutes; there is not sufficient time for bac- 

ial growth to occur in the pulped muscle. 
Hience, there can be no doubt but that the 
iunges in the mechanical consistency of this 
od in the’ test dog were called forth by 
micals released from the fresh, finely 


lped, wet, striated muscle of the donor 


esentery trom above, 


his technique, and modifications of it, are 
used in our laboratory to initiate the 
ponses ¢ f the blood and circulatory system 
to the products of mechanical trauma with- 
it the same time stimulating the system 
iuch or any initial loss of blood. Thus, 
technique makes it possible to initiate 
natic shock in the absence of hemorrhage. 
.nisely, Bloch, Eliot and Warner!®, 1947, 
ribed a simple method of initiating, in 
ian blood donors, hemorrhage with, but 
st, infinitesimal trauma. 


hus, it is now possible experimen- 


ta to initiate hemorrhagic shock 
without trauma, and traumatic shock 
without hemorrhage. 
0 return to the problems of horse 
d, the fact that the blood of the 
thy 1800-pound dappled gray mare 
( ged to a sludge as it passed 
th ough her own crushed tissue, sharp- 
ly emphasizes the necessitv for mak- 
in. all microscopic studies of the blood 
ealthy horses under conditions 
wi ch insure that no mechanical 
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trauma to the horse takes place, tor 
trauma would initiate the formation of 
sludge within the horse's circulatory 
system. 

The formation of sludge in this anes- 
thetized horse following mechanical 
trauma also showed that chloral hydrate 
did not prevent the formation of sludge 
in a traumatized horse. Further, one 
may summarize and say that chloral 
hydrate does not, in itself, initiate a 
sludge in a he althy horse nor prevent 
trauma from initiating sludge in a 
healthy horse. 

This horse was observed again under 
similar circumstances one week later 
and found to have unagglutinated 
blood and healthy vessel walls exactly 
as previously described. 

The horse was then killed and au- 
\ few parasitic worms were 
found in the intestine, several different 
species being present, all of which are 
rather standard parasites of horses in 
that part of the country. Other than 
these worms, a gross autopsy, care- 
fully done by skilled practicing mem- 
bers of the De ‘partment of Veterinary 
Pathology. disclosed detectable 
pathological conditions within the ani- 


topsied. 


mal. This was the most carefully done 
experiment on a healthy horse. 

From this experiment it is possible 
to conclude: 

That one healthy horse had com- 
pletely unagglutinated blood cells as 
previously described for healthy speci- 
mens of other species. 

2. Chloral hydrate does not itself 
necessarily initiate agglutination of 
circul: iting horse blood. 

3. Chloral hydrate did not prevent 
trauma from initiating agglutination of 


hese tests, which showed that substances from pulped, striated muscles of dogs can 

in through the walls of dog mesenteric and intestinal vessels and initiate precipitation 

uN ‘glutination of the passing intravascular blood, were performed in the Department of 
P logy of the University of Tennessee Medical School at Memphis in the spring of 1942 
H. Knisely, S. Barker, E. H. Bloch, A. Lipscombe, and L. Warner. Extensive descrip- 


later. 


f experiments on traumatic shock based on the above observations will be published 


° 
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the blood passing the traumatized ter- 
ritory. 

1. It is necessary to keep horses pro 
tected from trauma if the unaggluti- 
nated blood of healthy horses is to be 
seen by microscopic study. 

5. The sedimentation rate test per- 
formed immediately upon _ freshly 
drawn, previously unagglutinated blood 
of a healthy horse exhibits a high sedi- 
mentation rate, and 

6. It is necessary to conclude that the 
high rate of sedimentation of the red 
cells of blood of a healthy 


not necessarily indicate that the horse 


horse does 


had intravascular agglutination of the 
circulating blood. 

Each ot the 8 other horses, with but 
| exception, were prepared for obser- 
vation exactly as outlined above. The 
some additional 


the 
horses to mechanical trauma; hence, it 


exception provided 
knowledge about responses of 
is here described in some detail. 
Because the whole procedure of ty- 
ing the horse on an operating table ‘is 
somewhat laborious and time-consum- 
ing, serious effort was made to see if 
we could fasten a microscope on a 
swing arm to a tall, vertical post in the 
vard, lead a horse close to the quite 
maneuverable microscope study 
the horse’s bulbar conjunctival vessels 
and blood while the horse was stand- 
ing up. The first trial was a complete 
failure the afraid 
of all the equipment which was brought 


An 


attendant suggested holding the horse’s 


because horse was 


within a short distance of his eve. 


head still by means of what horsemen 
call a “twitch”, a loop of small rope 
which is put around the horse’s upper 
lip and which can be pulled verv tight. 
The twitch is a painful instrument and 
in most circumstances, once it is on a 
horse, the horse will hold quite still. A 
twitch was put on this horse and tight- 
ened, and, seen grossly, the horse stood 
still. But, whenever we tried to shine a 
light on the side of the eye and focus a 


WARNER: 


he 


motions to avoid the light so that 
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microscope, made small dodgin 
was never possible to get a microscop 
focused on the eye of this horse whil 
he was standing up. 

The series of small dodging motion 
was interrupted at times by hard, quic 
jerks made by the horse. He woul 
throw his head backward which mad 
a sudden, hard pull on the rope around 
his upper lip. Finally, this attempt wa 
given up and the horse taken in and 
put on the operating table. When th 
microscope Was focused on his bulbar 
conjunctiva, almost all his blood wa 
found to be unagglutinated, but from 


time to time small discrete masses ot 


agglutinated red cells came down 


through the arterioles of the nictitating 


membrane and bulbar conjunctiva 
These masses were scattered at inte! 
vals among the unagglutinated red 


cells. In unpublished experiments w 
have focused a microscope on the sick 
of the eve of an anesthetized dog and 
then struck the back leg of the dog a 
number of hard blows with a hammer 
atter from 20 to 40 s« 
onds. small masses of red cells tightly 
stuck together 
down the arterioles of the dog’s nictitat 
Th 


greater the number of blows struck the 


In each CASE, 


could be seen Coming 


ing membrane and conjunctiva. 
dog and the longer time afterwa: 
the greater the concentration of sn 
masses coming down the arterioles of 
the membrane and bulbar conjunctiva 
Thus, the appearance of a few scat 
tered small masses coming down the ar 
terioles of this horse, whose upper lip 
had been traumatized for approximate 
lv a half-hour. strict 
with the dog experiments. Following 


is in agreement 
trauma, some of the masses produce 
at the of the 


enough to maintain themselves as soli 


site lesion are tough 
masses as they are carried around «1 
around through the whole circulator 
system. 


In summation, in this horse almost 


| 
f 
te 
n 
tc 
d 
he 
ra 
th 
Ce 
if 
O] 
ho 
ul 
aft 
tio 
pre 
he: 
| 
tha 
Circ 
fess 
tin 
tray 
the 
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all the red cells were unagglutinated. 
The scattered agglutinated 
certainly came trom the 
upper lip which was known to have 
received pretty rough treatment during 
the immediate ‘ly previous half-hour. 
The other horses had complete ‘ly 
blood and normal ves- 
sel walls exactly as has been described 
for other for the 1S800- 


masses of 


cells almost 


species and 
pound mare. 

Blood from all 9 horses showed the 
high sedimentation rates known to be 
common to all healthy Hence, 
from this group of experiments it is 
possible to conclude that: 

|. The circulating blood of healthy 
horses is not agglutinated. 


horses. 


. It is necessary to keep horses pro- 
tecte ‘d from trauma if the unaggluti- 
nated blood of living healthy horses is 
to be seen by microscopic study. 

3. The sedimentation rate test per- 
formed immediately upon freshly 
drawn, unagglutinate ‘d blood of healthy 


horses exhibits a high sedimentation 
rate. 
1. It is necessary to conclude that 


of sedimentation of red 
blood of healthy horses 
y indicate that the 
had intravascular agglutination 
f the circulating blood. 

5. It is necessary to conclude that 
ome alteration of the mechanical char- 
cteristics of the blood of healthy 
horses occurs a, while it is being drawn 
out of the horse, or, b, immediately 
{ter it has been put into sedimenta- 
rate tubes (or both), in order to 
produce the high in vitro sedimenta- 
tion rates characteristic of the blood of 
‘althy horses 


the high rate 
cells of the 
not 


loes necessarily 


norse 


tion 


Discussion. It seems quite probable 
that the intravascular agglutination of 
creulating horse blood seen by Pro- 
fessor Fahraeus in exposed horse omen- 
tim was caused, at least in part, by the 
trauma done to the horse’s tissues by 


the surgery involved in making the 
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laparotomy. As noted, Knisely, Eliot 
and Bloch!’, 1945, found that the blood 
flowing through vessels beside crushed 
tissues changes from its normally un- 
agglutinated, relatively fluid state to a 
precipitated and agglutinated sludge. 
Since then it has also 
laboratory that if 
of abdominal organs, 
tines, mesenteries or 


found 
the surfaces 
such intes- 
omentum are 
permitted to lie across the raw  sur- 
face of the cut body wall, the blood 
flowing through the enormous numbers 
of small vessels just beneath the sur- 
faces of the intact abdominal structures 
similarly changes to a sludge which is 
poured | into the general circulation. 
Materials diffuse from the cut body 
wall musculature in through the peri- 
toneal surfaces and small vessel walls 
of directly adjacent intestine, mesen- 
teries or omentum and _ initiate the 
precipitation and agglutination of the 
passing intravascular blood. In our 
laboratory, great care is being 
taken to be sure that internal abdomin- 
al structures do not drag against cut 
surfaces of body wall during our sur- 
gical procedures. 
For these reasons, 


been 
in our 


how 


it seems necessary 

to assert that the microscopic observa- 
tions which Professor Fahraeus made 
previous to 1929 in mesenteric vessels 
of the laparotomized horse are not nec- 
essarily relevant to the 
sion. 

As the blood of these 9 healthy horses 
was unagglutinated, there is now no 
reason to that circulating 
healthy horse blood resists its own pas- 
sage through bottle-neck vessels more 
than does the unagglutinated blood of 
other species. Further. as the healthy 
horse blood was unagglutinated, there 
is no reason to suspect that healthy 
horse red cells are in a condition ready 
to be selectively phagocvtized from the 
passing blood by the phagocytes of the 
spleen, bone marrow and liver. 

These 2 factors are particularly im- 


current discus- 


assume 
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portant, for they begin to lay the foun- 
dation for understanding the circula- 
tory physiology of he althy horses, in 
preparation for study of the patho- 
logic physiology of horses suffering 
from various pathologic conditions and 
It is particularly important 
as a preparation for studying horses 
suffering from “Infectious Anemia of 
Horses” (Stein®*, 1942) which recently 
caused serious damage to racing stock 


cise *aSeS. 


in this country. 

Further, and for the moment rather 
important, the high in vitro sedimen- 
tation rate of the healthy horse cannot 
be taken as that healthy 
horses have circulating sludged blood, 
nor can the high in vitro sedimentation 
rate of blood from healthy horses be 
used as evidence with which to mini- 
mize the importance of the damage 
done to living human patients bv 
sludged blood. 

In spite of the disagreements with 
Professor Fahraeus on the above few 
points, it is a privilege to note that 
manv of the experimental results from 
our laboratory are in strict agreement 
with, and a direct extension of many 
of the concepts of how agglutinated 
blood might damage the body. -pub- 
lished bv Fahraeus in the 
latter part of his article in 1929°. In 
fact, for the sake of historical perspec- 
tive, it is worth while to note that our 


evidence 


Professor 


The authors wish to express deep appreciation to Drs. R. P 


Hardenbrook, Ir., and S. C. Schmittle, 


BLOCH, 


BROOKS, 


who 
managed the difficult process of tving them down for microscopic 


WARNER: 


microscopic studies in 


mental 


living experi 

sick human 
beings are a direct experimental con 
tinuation of the studies of 


animals and_= in 


agglutinated 


blood which, in our generation, wer 
initiated by him. 
Summary. 1. Nine carefully selected 


healthy horses have had unagglutinat 
ed circulating blood cells. 

2. Blood from each has shown. thx 
high in vitro sedimentation rate, well 
known to be common to samples of 
horse's blood. 

. Trauma to 1 healthy horse 


ally observed precipitation 


caused 


and agglutination of blood passing 
through vessels in and near the sites 
of the trauma. 


!. Trauma to 1 other caused 
precipitation and agglutination of mass 
es, many of 


horse 


sufficient] 
hard and rigid to remain intact whil 


which were 


around and around with 
horse’s circulatory 


being carried 
in the 

5. It is necessary to keep horses pro 
tected from mechanical trauma, if th 
unagglutinated blood of living health 


system. 


horses is to be seen by microscopic 
study. 
6. The high in vitro sedimentatior 


of blood from healthy horses car 
not be 


rate 
used as evidence with which t 
minimize the importance of the dama: 


done to living human 


sludged blood 


patients 


Link, A. L. Gregg 
Sé lected the healthy 
observations: 


carefully 


horses 


to Dr. (¢ 


Morrill, Professor of Veterinary Pathology, who performed the autopsy; and to Profes 
R. Graham, Lloyd E. Boley, and R. P. Link whose courtesy and administrative care 1 
this study possible. 
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CONGENITAL MITRAL ATRESIA 


Report of Two Cases 


By H. Ler Larce, Jr., M.D 


CHARLOTTE, NORTH CAROLINA 


From the Department of Pathology, Charlotte Memorial Hospital 


RecENT developments in the surgical 
treatment of congenital cardiovascular 
disease require accurate distinction be- 
tween operable and inoperable mal- 
formations. The recording of rare mal- 
adies of this type, even though in- 
operable, is, therefore. justified. Of the 
cardiovascular anomalies, atrio-ventric- 
ular septal  shift-to-the-left, with or 
without mitral atresia, is among the 
rarest. We have found 32 cases in the 
literature to which we would like to 
add 2 recent observations. Harris and 
Farber’, in their critical review and 
case presentation, accepted 25 cases, 
including their own. They discussed 
the phvlogenetic principles of its de- 
velopment on the basis of Spitzer's 
theory, as well as the development 
of associated anomalies, with special 
emphasis on the concomitantly occur- 
ring aortic dextroposition. Subsequent- 
ly, Gibson and  Clifton®, Walls!, 
Krumbhaar®, Walker and Klinck!’, and 
Manhoff and Howe!” have presented 
reports of single instances of this dis- 
order. Finally, 
17 


Taussig reported 2 
We believe ours to be the 


33d and 34th reported cases. 


16 
Cases 


Case Reports. Case No. 1. Clinical Sum 
mary. A 14-day old white male infant was 
born following a normal gestation and de- 
livery. The mother had given birth to a 
stillborn infant 2 vears previously, but other 
wise the familial history was not remarkable 
The family physician stated that the infant 
ippeared to be slightly cyanotic at birth. 
and throughout its life. A cardiac murmur or 
enlargement was not detected. During its 
second week of life. the baby was at home 
and according to the parents appeared nor 
mal, slept, took its formula well, and was 
never cyanotic until 30 minutes prior to 
( 268 ) 


idmission to the Charlotte Memorial Hos 
pital. While nursing, the baby suddenly gave 
i cry developed difficulties in respiration 
broke out in a cold sweat ind becam« 
markedly cyanotic. It was brought immed 
itely to the hospital, where oxygen, cora 
mine adrenalin ind finally artificial respira 
tion were virtually non-effective. It expire 
* of an hour after the inception of the acut 
ittack described 

Autopsy Findings The body was that of 
well-developed white male infant, measurin 
37 cm. in length (crown-rump), and weig]! 
ing 3845 om. The pertinent findings wet 
limited to the heart and the great vessels 

The peri irdial sac measured 6.5 cm. in it 
greatest transverse diameter, and contain 
no exeess fluid The parietal viscet 
pericardium were smooth, moist and gl 
tening 

The heart See Figs. 1 and weight 
12 gm., the normal weight at 2 weeks of a 
being 19 gm.?. It occupied a central thora 
position, and was globular in shape with 
well rounded apex. The venae cavae t 
minated normally in an extraordinarily dilat 
right atrium, which was about 4 times 
normal size, and the myocardium of wh 
measured 0.2 cm. in thickness. The orific« 
the coronary sinus was somewhat dilated. 1 
right atrio-ventricular valve measured 5.8 
cm. in circumference, and its leaflets we 
ittached by rather widely separated chor 
tendineae to markedly hypertrophied \ 
tricular papillary muscles, the largest of w] 
measured 0.6 cm. in thickness The 1 
ventricle was extremely dilated, and 
cavity constituted all of the heart’s funct 
ing ventricular volume. The right ventric 
mvocardium measured 0.6 cm. in thick 
ind was very flabby in consistency 
mvocardium was normal The ostium of 
pulmonary irtervy was situated betweet 
tricuspid valve and the aortic ostium 
was guarded by 3 well-developed semil 
cusps. The pulmonary valve and first por 
of the pulmonary artery were normal it 
cumference. The vessel gave to 1 t 
and left pulmonary arteries which tl 
coursed to enter their respective lungs 


tr 
I 
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x to the main bronchi. A widely patent 
tus arteriosus measuring 1.3 cm. in cir- 
ference was situated in its usual position 
(he left heart was markedly hypoplastic. 
pulmonary veins entered a very small 
itrium, measuring approximately 1.2 cm. 
diameter. The left atrio-ven- 
ular was absent, being obliterated 
. thin grayish-white fibrous tissue septum 
suring approximately 0.1 cm. in thickness. 
chordae thereof 
attached to this septum. There was a 
nt foramen ovale communicating with the 


its greatest 


orifice 


tendineae or remnants 


t atrium, affording the only means of 
ipe of blood from the left atrium. The 


ventricle was an extremely small slit-like 


) 


measuring 2.5 em. in length and a few 
It appeared to lie 


eters in diameter 
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ascending aorta were of normal caliber. The 
aortic arch followed a normal course, giving 
rise to the arch vessels in the usual manner. 
Beginning immediately distal to the left sub- 
clavian artery, the aortic isthmus was mark- 
edly narrowed to measure 0.4 cm. in cir- 
cumference. The narrowing of the isthmus 
abruptly terminated immediately proximal to 
the widely patent ductus arteriosus, and be- 
yond this point, the aorta was normal in size. 

Summary of Anatomic Features (See Fig. 
3). 1, Complete atresia of the mitral valve. 
2, Markedly hypertrophic and dilated right 
cardiac chambers. 3, Markedly hypoplastic 
left. cardiac chambers. 4, Patent foramen 
ovale. 5, The pulmonary artery arose from 
the right ventricle, as did the aorta for the 


most part, the latter occupying a “rider” 


|. Case No. 1. Heart showing aorta arising from greatly enlarged right ventricle. Probe 


in the diminutive slit-like left ventricle 


(A), and extends through the interventricular 


septal defect (B), the upper margin of which is severed by the dissection. 


Case No. 1. 
entricular septal defect (B), and the th 
C), separating the small left auric le (D) 


View showing diminutive 


left ventricle (A), the lower margin of the 
in connective tissue septum (“atretic mitral 
from the left ventricle. The probe is inserted 


into the patent foramen ovale (E). 


left lateral wall of the right ventricle. 
municated with the latter by a defect 
portion of the inter- 
septum. It also communicated 
the ostium of the aorta, which occupied 
ler” position with respect to the inter- 
Somewhat more % 


mie mbranous 
ular 


than % 
ostium was situated over the 
entricle. It was guarded by 3 well- 
ped semilunar cusps, adjacent to 2 of 
were the coronary ostia. It should be 
ized that the aortic orifice and the 


septum. 
Lortic 


position. 6, Normal systemic and pulmonary 
venous returns to the heart. 7, Widely patent 
ductus arteriosus. 8, Marked aortic coarctation 
of the infantile type. 

Comment. It follows, then, that the 
systemic venous blood entered the 
right atrium, where a mixture with 
oxygenated blood from the left atrium 
occurred. The blood from the latter ar- 
rived through the patent foramen 


rau 86 
Re 
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ovale. From the right atrium, the mixed 
oxygenated and unoxygenated blood 
flowed to the hypertrophied right ven- 
tricle, and thence into both the pul- 
monary artery and aorta. Because both 
vessels had a common ventricular ori- 
gin, the systolic pressures in each were 
equal. A portion of the blood in the 
pulmonary artery passed into the lungs, 
and the remainder flowed through the 
ductus arteriosus into the descending 
aorta. Since the ductus arteriosus was 
much larger than the aortic isthmus, by 
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to the right atrium by way of the pat 


foramen ovale. Therefore we 
dealing with an anatomically qu 
riloccular heart which is function 


biloccular. 


Case No. 2. Clinical Summary. A thre« 
old white delivered 
forceps following a normal full term gestat 
Immediately after birth it appeared t 
Its 
subsequent 


male infant was 


uneventful 
atter 
moderate 
“machinery-like” 
the 


normal 
the 
suddenly 
At this time, a 
was heard 


course 
36 


developed a 


was 
hours, whicl 
cVan 
mur 
in 


yulmonic area 


A-959 


Case No. 1. Schematic diagram of heart and great vessels showing also the 


Fic. 3. 


ductus arteriosus and coarctation of the aorta. RA 


ventricle; L\ 


far the greater volume of blood de- 
livered to the descending aorta arrived 
through the ductus. The blood passing 
from the single functioning ventricle 
into the ascending aorta supplied main- 
ly the coronary arteries, and the ves- 
sels of the neck, head, and upper ex- 
tremities. It would seem that the ex- 
tremely small size of the left atrium 
would indicate that it served no great- 
er function than that of a_ vessel 
through which oxygenated blood passed 


right auricle; LA 
left ventricl 


left auricle; 


cyanosis persisted despite continuous ¢ 
therapy for 40 hours, after which the 
expired 
Autopsy Findings. The body was tha 
well-developed well-nourished 
The pertinent findings 
heart and the great vess 
The heart (See Figs. 4, 5 and 6) w 
39 the normal at the age of 1 
being 18 gm.?. It occupied a central t 
position, 


male infant. 
limited to the 


gm., 


globu 
shape with a moderately rounded aps 
venae terminated normally 

extremely dilated right atrium, estima 


be 


and was somewhat 


cavae 


about 5 times the normal size. The was 


| 
RA 
LV 
ARV 
sht 
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noderate hypertrophy of the trabeculae of | hypertrophied ventricular papillary muscles 


inner atrial wall. The orifice of the coron- by normal chordae tendineae. An extremely 
sinus was not remarkable. The right dilated right ventricle, the myocardium of 
rio-ventricular valve measured 5 cm. in which measured 0.5 cm. in thickness, was 
reumference and its leaflets, which — the only functioning ventricle. The pulmonary 
peared normal, were attached to markedly — ostium, occupying a normal position, was 


t. Case No, 2. Heart showing hypertrophied and dilated right chambers, tricuspid 
valve (A), and patent foramen ovale (B 


Case No. 2. View showing hypoplastic left atrium (A), and probe extending through 
foramen ovale from right atrium (B), stenotic mitral valve (C), diminutive left 
ventricle (D). 
I Case No. 2. View showing hypoplastic aorta (A) with stenotic fusion of the cusps 
(B). Proximal portion of right coronary artery is laid open (C). 
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guarde d by 3 well-developed semilunat cusps 


The ostium, as well as the first portion of the 


pulmonary artery, measured 2.5 cm. in cit 
cumference. The pulmonary artery divided 
into right and left pulmonary arteries which 


entered their respective lungs anterior to the 
main bronchi. A widely patent ductus arteri 
osus, measuring 1.5 cm. in circumference 
was in its usual position, and communicated 
with the distal portion of the aortic arch 
rhe entire left heart was hypoplastic. Four 
pulmonary veins, 2 from each lung, entered 
a very small left atrium measuring 2 cm 


circumference. 


in 
A widely patent foramen ovak 
in diameter communicated 


measuring 0.7 cm. 
with the right atrium. A small left atrio 
ventricular orifice, measuring 1.5 em. in 


( ircumfterence, possessed poorly 


dev d 


and short leaflets attached by a few short 
chordae tendineae to the wall of a slit-like 
space, which represented an extremely small 
left ventricle. This space, measuring not ove1 
1.5 cm. in its greatest dimension, appeared 
to lie in the left lateral wall of the larg 
right ventricle. No outlet from the left 
ventricle could be identified 

The aorta was opened either direction 
from the entrance of the ductus arteriosus 
Proximally, it gave rise to each of the arch 
vessels in their normal positions. The ascend 
ing aorta measured only 1 cm. in circumfer 
ence, and ended blindly at the base of th 
heart behind the pulmonary artery. The fused 
commissures and leaflets of the atretic aortic 
valve were easily seen. From the sinuses of 
Valsalva so formed, the orifices of the coron- 


ary arteries were identified, and each of these 
vessels pursued normal courses. Distal to th 
ductus arteriosus the descending 
sured 1.6 cm. in circumference. 
Summary of the Anatomic Features. 1 
Markedly hype rtrophic and dilated right car- 
diac chambers. 2, Marke dly hypoplastic left 
cardiac gy ‘rs with a stenotic (not 


aorta mea 


atretic 


mitral valve. 3, Patent foramen ovale. 4, Only 
one efferent ‘jak the pulmonary artery 
which arose from the right ventricle. 5, Nor- 


mal systemic and pulmonary venous returns. 

A widely patent ductus arteriosus. 7, Atres 
ia of the aortic ostium and a hypoplasia of 
the ascending aorta. 

Comment. In this instance, as in Case 

there was admixture of oxygenated 
and venous blood in the right atrium. 
The blood then flowed to the right ven- 
tricle, and thence into the pulmonary | 
artery, where one portion passed to the 
lungs, while the remainder flowed 
through the ductus arteriosus to the 
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Since the 
pletely close d, it is evident that a por 
tion of the blood derived from the duc 
di 


ascendin: 


aorta. aortic ostium was com 


tus arteriosus flowed in retrograde 
the 


aorta to supply the 


rection into arch and 
arch vessels an 
the 
Howed in normal direction distal to th 
the The pulmoni 
svstemic venous returns to. th 
Case 1, it 


extremely 


coronary arteries, while remainder 


insertion of ductus 
and 
normal. in 
that the 
size of left atrium would indicat 
that than 
that of a vessel through which oxvger 


heart were 


would seem smal! 
the 


it served no function other 


ated blood passed to the right atrium 
by w ay of the patent foramen ov: ili 
With no outlet. the left ventricle 


serve no function. Therefore, 


could 
this cass 
also presents an anatomically quadri 
heart functionall 


loccular which is 


biloccular 


Discussion. The fundamental defect 
in mitral atresia is a matter of som 
conjecture Moenckeberg!? was of th 


opinion that an atrioventricular septal 
shift-to-the-left occurred in embrvo. EH 
called these cases “cor pseudo-triloc 

left 


we 


lare with rudimentary ventricl 


have found 


Though mentioned*? 
no convincing evidence that fetal endo 
carditis has ever been responsible 


With one e) 
recent writers d 


congenital mitral atresia. 
ception'’, the 
not refer to Moenckeberg’s hypothesis 
but rather do they believe that the fu 

damental defect is an overgrowth and 


more 


fusion of the fetal endocardial cushions 
with consequent atresia of the mit) 
valve. 

Harris Farber’ explained th 
aortic dextroposition and hypoplasia n 
the of Spitzer's phylogen: 
theory. They supporte d their cont 
tions statistically by showing that over 
half of the cases of mitral atresia, it 
self a very rare anomaly, 
with de xtroposition of the aorta. ‘jhe 
latter, also an unusual anomaly, 
in which mitral atresia is seldom s¢ 


and 
basis 
are associated 


is one 
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They turther stated that according to 
Spitzer's theory, the details of the fre- 
quently associated aortic malforma- 
tions depend on the time in cardiac de- 
velopment at which mitral atresia oc- 
curred. The remaining defects, with 
me important exception, can be ex- 
plained as a result of abnormal hemo- 


dynamics. 


RA LA 
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tutes a strong point in favor of Moenc- 
keberg’s atrio-ventricular septal “shift- 
to-the-left” hypothesis. Also, in our 
opinion, it defies adequate explana- 
tion on the basis of hemodynamics, for 
the intra-atrial pressure on the left must 
be greater than that on the right as is 
indicated by the direction of the blood 
flow from the left to the right atrium. 


Schematic diagrams of heart showing (A) normal, (B) usual configuration of cham- 


in mitral atresia (small left auricle); (C) configuration to be expected if the fundamental 
defect were a primary atresia of the mitral valve (normal or large left auricle). 


One feature, however, the hypoplasia 
the left atrium, is dismissed by cur- 
it writers with a statement as to its 
stence. An analysis of case reports 

brought to light that it occurred 
times in 23 cases of mitral atresia! 

*, including our own. This consti- 


Therefore, it would seem to us, one 
could justifiably maintain that if there 
were no inter-atrial septal shift-to-the 
left, the size of the left atrium should 
be at least normal, if not hypertro- 
phied (See Fig. 7). The more simple 
Moenckeberg theory, however, explains 


or tt 


i 
1¢ 
di 
lit 
h 
h 
RV Lv | 
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lett 


ventricle. 


the small atrium, the 


left 
cardiac 


diminutive 
the hypertrophied right 
mitral atresia, 
and the aortic dextroposition with the 
resulting inter-ventricular septal defect. 
Moreover, the identical 
of the cardiac chambers in our second 
patient with a patent mitral valve 
would seem to support Moenckeberg’s 
hypothesis by indicating that 
of the 
sary component of the anomaly, though 
it usually Similar cases 
although 
superficially resembled tricuspid 


chambers, the 


configuration 


atresia 


mitral valve itself is not a neces- 


occurs. have 
been encountered*®* one ot 
these® 
stenosis due to bulbo-ventricular in 
version‘, 

The widely patent ductus arteriosus 
and the coarctation of the aorta in our 
first case are at least in part due to the 
aortic dextroposition, regardless of the 
underlying fundamental defect. It has 
been stated® that in fetal life the aortic 
isthmus has virtually no function, for 


the ductus arteriosus supplies consider- 


able, if not all, of the blood to the aorta 
below the isthmus of the latter. The 
blood entering the ascending aorta 


from the heart is thus destined to sup- 
ply the coronary arteries, the upper ex- 
tremities, head and ne ms] Normally, at 
birth the aortic 
smaller than the aorta im- 
mediately proximal or distal to it. The 
subsequent increase in diameter of the 
isthmus to the of the immediately 
adjacent aortic segments is apparently 


isthmus is some ~what 


segments of 


size 


de pe ndent upon the necessity impose d 
upon it by the closure of the ductus 
arteriosus after birth, for then the 
blood reaching the lower aorta 
arrive through the isthmus. 
of the ductus arteriosus is believed to 
result at least in part from a fall in 
blood pressure in the pulmonary artery 
incident to expansion of the lungs at 
the time of birth**:'*. In the first case 
herewith reported, no such difference 
in blood pressure between the pulmo- 
nary artery and aorta could occur, for 


must 
The closure 
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trom the single fun 
It would then be 


cal to assume that the ductus arteriosus 


both vessels arose 
tioning ventricle. logi 
would remain patent. Furthermore, as 
a more widely patent vessel than the 
aortic isthmus, it would be expected to 
continue to supply the more substantia! 
portion of the blood going to the de 
scending aorta. This contention is als 
supported by the fact that in nearly 
all reports of congenital mitral atresia 
there 


patent ductus arteriosus. Two-thirds, o1 


has been an associated widely 


23 case reports, including our own 


were available to us in the literature! 

OF this 
that the ductus 
in 17. The 


definitely 


number, it was stated 


arteriosus was patent 
absence of the ductus was 


described in only in 


stance!, in which there was an associa 


ted hy poplasia of the pulmonary artery 
Walls! 


configuration in his cas 


misinterpreted the vascular 
asa persistent 
truncus arteriosus. It is clearly evident 
from his description that he was deal 
atresia, and a 
hypoplasia of the first portion of the 
aorta which then must have supplied 


retrograck 


ing with an aortic valve 


the coronary arteries by 
flow from a widely patent ductus ar 
teriosus, a situation analogous to our 


Although the 


specifically 


ductus is not 
Moenck 
berg’s description of Fraenkel’s cas 
there 


as a patent vessel supplying blood to 


Case 2. 


referred to in 
is no question as to its existenc 


hypoplastic aorta with an atretic aorti 
Farber’s Cas 
that the duc 
thev stated th 
identical with thos 


ostium. In Harris and 


Tb*, one can only assume 


tus was patent, since 
the findings were 
in their Case The 
corded in the case of Gibson a 
Clifton °, and Case 30, of 
is not sufficient to permit any concli 
status of the du 
these 23 


information 
Taussig 


sion concerning the 
Therefore, of 

existence of a patent ductus : knov 
doubtful in 
and unknown in 2. 


Cases 
in 19 instances, abse 
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of a patent ductus in mitral atresia is 
in marked contrast to the faet that 
initral atresia rarely occurs in the fre- 
quently encountered — instances — of 
patent ductus arteriosus. 

In our second case, as well as others 
with an atretic aortic ostium, it is read- 
ily apparent that the ductus would 
remain open. 

\litral atresia is not a disorder which 
permits accurate antemortem diagno- 
sis. It is classified by White?’ as a 
cyanotic type of malformation. The 
clinical signs and symptoms are not 
sufficiently characteristic to differenti- 
ite the disorder from other forms of 
\laladie Bleue, and moreover, are fur- 
ther modified by the signs and symp- 
toms of other variable associated anom- 
ilies. However, the possible existence 
f such unusual, though hopeless, cases 
is those of mitral atresia must be con- 

idered when an infant is to be cate- 
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yorized as surgically treatable or 
non-treatable patient. 


Summary. 1. Two cases of congenital 
atrio-ventricular septal shift-to-the- 
left, one with mitral atresia, are re- 
ported. 

2. From the relationships between 
mitral atresia, or stenosis, and the asso- 
ciated anomalies it is concluded that 
hypoplasia of the left atrium lends 
strong support to Moenckeberg’s shift- 
to-the-left hypothesis. 

3. A patent ductus arteriosus is so 
commonly associated with congenital 
mitral atresia that it mav be taken to 
be an intrinsic part of the composite 
anomaly, 

1. Previously offered explanations 
for the pathogenesis of the patent duc- 
tus arteriosus and the infantile type of 
aortic coarctation are consistent with 
the findings in our cases. 
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IRRADIATION OF THE PITUITARY 
GLAND IN HYPERTENSIVE VASCULAR DISEASE® 


By Maurice M. Brest, M.D 
WaLTER S. Cog, M.D. 
Joun Wacker Moore, M.D 
Epset S. Reep, M.D. 


AND 


HERBERT L. Cray, M.D. 
LOUISVILLI KENTUCKY 


Krom the Institute for Medical Research, University of Louisville School of Medicine 


F AVORABLI reports”: ot recent inves- roentgenological examination. The size of th 


tigators have stimulated renewed in- ‘lla turcica was estimated by roentgenogran 
of the skull. In addition, selected patient 


terest in the use of irradiation of the j..4 cold pressor, sodium amytal, tetra-ethy! 


region of the pituitary gland for treat- 


hloride ind benzo-dioxane 
ment of essential hypertension. They studies 
applied a modification of the Burn All patients received a bioassay for th 
intidiuretic hormone by modification 


method! of biological assay for the 
the Burn method! as an index of activit 


vituitary antidiuretic hormone as an 
to selection ot candidates tor treat- 
ment. The pituitary area was irradiated of the pituitary gland, regardless of tl 
through 9 portals for 10 treatments bioassay results | leven ot the Se patients h 
with a total dosage of 2000 r. measured 


ment Only 2 of these follicle-stimulati: 
They reported about 0% of hormone assays were abnormally ele Vite 


their patients were benefited either Bioassay TecHNigues. Our modificatior 
with a significant fall in blood pressure of the Burn technique is as follows: Whit 
or a relief of symptoms. rs, Soon laboratory rats of known strain weighing f1 


250 to 400 gm. were used. No attempt u 
made to restrict food or fluids preceding tl 
taken this study. tests. The rats were given 5 cc. of tap wate 


of these reports than we have under- 


Method per 100 gm. of body weight at room te mp 
I — mes TION OF PATIENTS. Forty ature via stomach tube. One cubic centimet 
three ay pertensive patie nts ot patie nts serum was injecte d intra pt 


toneally through a No. 23 needle. The 1 


from 27 to 65 vears were used in this study 
['wenty-five were treated and 18 were used 


were hiff rf the at the begi 
as controls. All patients received extensive die 


ot ‘ i ‘ 
studies in an attempt to evaluate thei ind the end the assay to insure comp! 


hypertensive status and also to eliminate thos« 
with hypertension of known etiology. A 
detailed history and physical examination 
was done by at least 2 examiners. Blood tubes 


emptying of the bladder. The rats we 
placed for a pt riod of 90 minutes in metab 


ism cages and the urine collected in calibrat 


studies consisted of complete blood count. \ positive test was one in which ‘the 
Kahn, and non-protein nitrogen tests. Kidney retained 4 cc. or more of water per 100 
status was ascertained by urinalysis, urea body weight; if the retention was less tl 
clearance test, urine concentration tests, and ‘4. c« per 100 gm. body weight. the | 


intravenous pyelography. Cardiac status was was recorded as negative 
further evaluated by electrocardiograms and Three rats were used in each assay. 1 
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issav Was recorded as positive when at least 
these rats had 
Prior to use in 


two ot a positive test 


actual 
fulfilled 


had a 


testing of 
2 requirements: 1 
test 
the usual amount of water without any 
peritoneal injection; 2, the 
positive test when 

stomach tube and 5 milli units 
ot pitressin ® per 100 gm. of body weight 


patients 
serum each rat 


the animal negative when given 
intra 


had a 


amount 


animal 
given the usual 


of water by 


intraperitoneally. These restrictions resulted 
in the rejection of 15 rats out of a colony 
of 60 

Pituitary gonadotropic activity was de 
termined by the usual laboratory bioassay 
methods?:5, 

ROENTGEN-RADIATION Factors. A 200 kil 
voltage constant potential therapy machine 
it 15 milli amperes was used. Target-skin 
distance was 50 cm. The half value layer 
with 2 mm. of copper added filtration was 
2.4 mm. of copper. The area_ irradiated 


equaled 48 sq. em. and consisted of 2 lateral 
te mporal fields. Twenty-five 
delivered per minute in air. One field a day 


roentgens were 


was treated with 200 roentgens per treat 
ment. The total number of roentgens deli, 
ered in air to each field was 1000. The treat 
ments were given at 24-hour intervals. The 


pituitary area received a calculated dose ot 
1100 roentgens in 10 days 

Control patients first prepared by 
marking off the lateral temporal fields as 


used in actual treatments. These areas were 


were 


then leaded off and the port placed in posi 
tion. The 
the shutter was opened, simulating as nearly 
an actual 
rays However, no 
though the 
pect they were not actually receiy ing the rap 

MEASUREMENT OF BLoop Pressure. All 
blood readings during the period 
of observation were 


filament circuit was energized and 


as possibl exposure to Roentgen 
irradiation 


patients had no reason to sus 


Was given 


pre ssure 
taken by one of 2 exam 
Patients 
were given a 15-minute rest period, then the 


iners in the same examining room 


blood pressure was recorded from both arms 
while sitting in an upright position, using 
the same blood pressure instrument at each 
visit. At no time were patients told of the 
ictual level of the blood pressure or any 
indication given as to the trend. Patients were 
seen daily during the 10 days’ therapy, fol- 
lowed by weekly visits for approximately 3 
months, when 
monthly 


visits were 
intervals. Also at 
patient was questioned 


lengthened to 
each visit the 
as to symptoms of 
vertigo, headache, dyspnea, and general sense 


of well being. The effect of treatment upon . 


* Parke, Davis and Company. 
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HYPERTENSIVE VASCULAR DISEASI 


these svinptoms was the criterion tor 
judging svinptomaty response 

Results. Pressure 
The effect of treatment mean 


upon 
blood pressure will be noted in Table 


svstolic pressure 1 20 points in the 


lowering of 30 points the 


diastolic has been considered signifi 


cant by Hutton*® in studies of adrenal 


and pituitary irradiation for hyperten 


sion. If this arbitrary criterion is 
applied to this series. 3 (12%) of the 
treated and 3 (16.6% of the contro 


patients had a significant reduction ii 
blood pressure 
EFFECT ON 
(68%) of the treated patients and 14 
(77.7%) ot the 
enced symptomatic improvement 
RETINAL ( The Keith, Wag 
ner and Barker* classification of hyper 
this 


Funduscopic examination wa 


SyMPTOMS. Seventee 


control group experi 


HANGES 


tensive retinopathy was used. in 
study 
done on 24 patients. One patient had 
bilateral lens opacities which prevented 
the retina 


appear in Table 2 


examination of The result 


TABLE 2. RETINAI CHANGES FOI 
LOWING IRRADIATION OF PITUTTAR' 
IN HYPERTENSION 
Number of Number of 
Patients Patient 
Before Treat Classif After Treatm 
0 0 

I 

1] Il 13 
2 Ill 2 
] 2 


ELECTROCARDIOGRAPHIC CHANGES. 
rial electrocardiograms recorded on tl 
treated patients, before, during, and 
completion of therapy, revealed 
definite trend from their normal towa 
a left strain pattern in 4 patients (L.( 
C.0., W.G.. L.M.). Thus, 1 


showed progressive changes. In no ] 


and 


tient did the electrocardiogram rev: 
toward a more “normal” pattern. 
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NON PROTEIN NITROGEN. Re- 
peated blood non-protein nitrogen 
aeterminations showed definite 
hange from normal to abnormal in 
) patients (E.M., E.S., M.C., L.M., and 
Patient was the only one in 
vhom the pre-treatment blood non 
protein nitrogen was abnormal. It in- 

reased trom 59 to 75 mg. per 100 ce. 
luring treatment. Thus, 6 patients 

24 had sustained elevation of the 
blood non-protein nitrogen following 
treatment 

CHANGES IN Heart Size. There was 

O — in heart size of any of 
the treated patients as determined by 
he pee a ‘ic ratio on a 2 meter 
ntgenogram of the chest. 

Discussion. In only 3 of the treated 
patients was there a suggestion of 

gnificant lowering of the blood pres- 

ire. In order critically to judge the 
treatment, 2 tests for statistical sig- 

ficance were made on the mean 

erage blood pressures before and 
fter irradiation. Both the Standard 
Krror and the Critical Ratio tests 

plied to the changes in systolic and 

istolic pressures showed that the 
differences which occurred could be 
rely chance and were not statistically 
nificant when considered as a group. 
symptomatic improvement occurred 
the majoritv of both treated (687) 
| control (77.7%) patients. There is 
correlation between changes in the 

diuretic assay following irradiation 

symptomatic improvement of the 
ited group. We have no explanation 
the symptomatic improvement other 

the psvchological effects of mod- 

Roentgen therapy. 

itially. 18 of our patients had a 

tive serum anti-diuretic assay. 

owing irradiation the assav changed 
egative in 13 cases. In 4 it remained 
tive, and 1 natient died without 

‘say. This would indicate that in 

majority of cases it is possible to 
cc vert a positive anti-diuretic assay 


to a negative with Roentgen therapy 
in this dosage. 

Four patients in this series died 
following irradiation. Two of these 
patients (J.G., and M.C.) had malig- 
nant hypertension and showed no 
response to treatment. One patient 
(W.G.) died of spontaneous subarach- 
noid hemorrhage. The only patient 
(E.S.) in whom permission 
was secured, died of an acute homo- 
logous serum sna secondary to 
plasma administration while on an- 
other service. Microscopic sections of 
the pituitary gland showed no changes 
which could be ascribed to the Roent- 
gen therapy received 90 weeks before 
death. Patient E.M. received 2 com- 
plete courses of Roentgen therapy i in 
a period of 5 months without effect on 
assav or blood pressure. The only com- 
plication noted as a result of therapy 
was a loss of hair in the temporal 
region of some of the treated patients. 


Summary. 1. A group of 25 patients 
followed for a period of 6 weeks to 3 
vears, with essential hypertension, was 
treated with 2000 r. units (measured 
in air) to the region of the pituitary 
gland, as previously recommended. 
without significant lowering of blood 
pressure when considered statistically 
as a group. Seventeen patients (687) 
had svmptomatic improvement. Three 
patients (127) showed a fall in blood 
pressure of 30 mm. Hg. svstolic or 20 
mm. Hg. diastolic. but no other obiec- 
tive evidence of improvement was 
noted. 

2. The 18 control patients were man- 
aged in an identical manner with the 
treated groun with the exception that 
Roentgen therapy was not actually 
given. Fourteen of the 18 patients 
77.7%) were improved symptomat- 
ically. Three of these patients (16.6%) 
showed a fall in blood pressure of at 
least 30 mm. Hg. systolic or 20 mm. 


Hg. diastolic. 


ar 
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the essential lesions of 
chronic ulcerative colitis reside in the 
colon, this disease may cause wide- 
spread — and important pathologic 
changes in other parts of the body. 
This is illustrated by the occurrence of 


desions involving the skin, the joints, 


the vascular system, the eye and other 
organs'. In addition, marked disturb- 
neces in the metabolism of minerals. 
tamins and foodstuffs in general are 
vealed by laboratory studies*. These 
athologic processes ‘are well recog- 
zed and have been described in the 
iterature®*" even though, in many or 
lost’ instances, the mechanisms in- 
iIved have not been fully understood. 
it is evident, however, that the systemic 
fects of this form of ulcerative colitis 
many and varied. 
rhe investigation to be reported 
rein was undertaken to determine 
hat changes, if anv, occur in the kid- 
vs of patients with chronic ulcerative 
litis. and to correlate, when possible, 
h changes with the clinical picture. 
lankelson. McClure and Sweetsir®, in 
excellent study of the complications 
urring outside the gastro-intestinal 
ct in a series of 145 cases of chronic 
erative colitis, reported involvement 
the urinary tract as follows: 1, 
ite nephritis, 12 cases; 2, nephrosis, 
ise (the basis for this diagnosis was 


not stated ); 3, pyelitis, 3 cases; 4, cys- 
titis. 3 cases; these cases of cystitis 
and pyelitis occurred in females; and 
Escherichia coli, staphylococci and 
streptococci alone or in combination 
were found to be the infecting organ- 
isms; and, 5, renal stones, 2 cases. The 
diagnosis of acute nephritis was made 
on the basis of fixed specific gravity, 
diminished output of urine, and the 
presence of albumin, casts and erythro- 
cytes in the urine. As a rule, the blood 
pressure was not elevated and_ the 
retinas were normal. The presence or 
absence of edema in the 12 cases of 
acute nephritis was not mentioned, 
although the authors reported some 
degree of edema present in 767 of the 
145 cases. This edema was attributed 
to malnutrition. Azotemia was present 
in some cases, although, as the authors 
pointed out. the relationship of the 
azotemia to the nephritis was obscured 
by the fact that azotemia may be pres- 
ent not only in toxic and dehydrated 
patients but also in patients with un- 
complicated chronic ulcerative colitis. 
The authors stated that since the cause 
of acute nephritis is toxemia, it is 
apparent that nephritis occurrs in the 
acute stage of the primary disease and 
is likely to subside with it. They stated 
further that they had not observed the 
acute nephritis to pass into chronic 


* Abridgment of thesis submitted by Dr. Jensen to the Faculty of the Graduate School of 
University of Minnesota in partial fulfillment of the requirements for the degree of Master 
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nephritis. It was their belief that in 
some cases the nephritis contributed to 
the mortality. 

Ricketts and Palmer®, in a study of 
the complications of chronic ulcerative 
colitis, analyzed data on 206 cases. They 
reported 2 cases of pyelonephritis and 
1 case of renal stones. Nephritis was 
not mentioned as a complication. 

Lindahl and Bargen‘ reported on 6 
cases of nephrolithiasis complicating 
chronic ulcerative colitis after ileostomy 
had been performed in a series of 182 
cases. They concluded that renal calculi 
occur more frequently after ileostomy 
in those cases in which the colon is not 
removed than in those cases in which 
the colon is removed after the ileos- 
tomy. They stated their belief that the 
basis for the formation of the calculi 
might be urinary infection secondary 
to the remaining diseased colon. In 3 
of their cases they found Aerobacter 
aerogenes, and in the other 3 cases they 
found Escherichia coli, Aerobacter 
aerogenes and Stanhylococcus aureus, 
in combination, as the infecting agents. 
They pointed out also that the colon 
if not removed after an ileostomy per- 
formed because of chronic ulcerativ: 
colitis, remains as a focus for the pos- 
sible development or continuation of 
the complicating lesions such as arthri- 
tis, ervthema nodosum, and so forth. 

Schlicke and Bargen" reported that 
infection of the urinary tract was noted 
in only 1 of the 10 cases of chronic ul- 
cerative colitis in which necropsv was 
performed. 


METHOD OF INVESTIGATION. To determine 
the presence of infection of the urinary tract, 
cultures of catheterized specimens of urine 
from 22 unselected hospital patients with 
chronic ulcerative colitis were made. To 
determine impaired renal functions, urea 
clearance tests were performed on 16 un- 
selected hospital patients with chronic ulcera- 
tive colitis. In the very sick patients this test 
was delayed somewhat until the patient was 
over the acute phase of his illness. Unfor 
tunately, it is in the acute phase that this 


test would be expected to show the great 
change from normal in kidney function 
Che pathologic material included the ki 
nevs in 60 consecutive cases of chronic 1 
cerative colitis in which postmortem examin 
and in which the diagno 
established clinically al 


tion was done 
was definitely 
pathologically 

[wo groups of controls were used: 1, no 
mal control kidneys obtained from 60 patient 
who died of brain tumors, poliomyelitis a1 
iccidental causes, and in whom there w 
no evidence of infection anywhere in tl 
body, and, 2, kidneys from 35 patients wl 
died of peritonitis secondary to miscellaneo 
gastro-intestinal disorders, but excluding | 
tients with any type of enteritis or colit 
This group of controls with peritonitis M 
used becauss 31 of the 60 patients wit 
chronic ulcerative colitis had peritonitis ti 
varied extent 


Results. RenaL Function. Of the lf 
unselected hospital patients with chro1 
ic ulcerative colitis on whom urea clear 
ance studies were carried out, all 
with grade 1 activity of the colit 
graded on the basis of 1 to 3) showed 
normal urea clearance values. Thre¢ 
patients with grade 2 and 3 with grad 
3, activity of the colitis showed loweré 
urea clearance values, in the range co1 
sidered to be of questionable signil 
cance. Values in this range may repr 
sent extreme, but normal. fluctuations 

Three of the 16 patients showed def 
nitely impaired renal function, with 
marked lowering of the urea clearance 
values. In 1 of the patients with de! 
nitely impaired function, a urea clea: 
ance test performed 2 months late: 
disclosed a return of the urea clearan 
value to normal. Of these 3 patients 
with definitely impaired renal functic 
2 had grade 3 activity of the colit 
whereas the third had grade 2 activ 
of the colitis 

WEIGHT OF Kipneys. It has been s1 
gested that ileostomy might, in sor 
way, influence the weight of the k 
neys. Table 1 compares the frequer 
of renal hypertrophy in cases of chro: 
ulcerative colitis with ileostomy 
the frequency in cases without ile: 


RENAL LESIONS ASSOCIATED WITH 


PABLE 1.) RENAL HYPERTROPHY IN 
CHRONIC ULCERATIVE COLITIS 


A Ws, patr N 


Weight over 350 qm 


/ ype of Case Total Number Per cent 
With ileostomy 20 15.0 
Without ileostomy 9 22.5 


tomy. The arbitrary value of 350 gm 
or more for the combined weight of 
the kidneys was established to repre- 
sent renal hypertrophy. It is acknowl- 
edged that this value may be justly dis- 
puted. For the purpose of this study, 
eneetee the value of 350 gm. serves 
well as a basis of comparison. 
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TABLE 2. -PROLIFERATION OF THE 
ENDOTHELIAL CELLS OF THE 
GLOMERULAR CAPILLARIES 


Per cent in grade Total, 
grades 
Nerves a ) ; lto3 
60 
normal con- 
trols 91.6 6.6 1.7 0 8.3 
controls with 
peritonitis 60.0 34.2 5.8 0O 40.0 
Chronic ulcer- 
ative colitis, 
GO cases 30.0 36.6 21.6 11 6 700 


Grading of endothelial proliferation: 0, none; 
1, mild but definite; 2, moderate, and 3, high 
degree 


Fic. 1. Normal glomerulus (hematoxylin and eosin x320). 


OMERULAR LEs1ons. Proliferation of 


t ndothelial cells of the glomerular 
( laries was the significant lesion 
i) he glomeruli (Table 2). A normal 


gi nerulus is shown in Figure 1. 

grade 1 endothelial proliferation, 
th was no obstruction to the flow of 
bl od through the glomerular capillar- 
i Mig. 2a). In grade 2. endothelial 


proliferation, there appeared to be mod- 
erate obstruction in some of the capil- 
lary loops and very little obstruction 
in other capillary loops (Fig. 2b). In 
grade 3 endothelial proliferation, there 
appeared to be marked obstruction to 
the flow of blood in the capillaries so 
that a majority of the capillaries ap- 
peared almost bloodless (Fig. 3). In 
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some of the glomeruli showing grade 3 
endothelial proliferation, intracapillary 
fibrils could be seen. Occasionally, 
crescents also were observed in the 
cases in which there was grade 3 en- 
dothelial proliferation (Fig. 3b). Vari- 
ous degrees of swelling of the basement 
membrane were present in cases in 


which there was both grade 2 and 
endothelial proliferation. In some Cast 


it seemed to reduce materially the | 


men ot the capillaries 
It is apparent from a study ot Tab 
2 that in chronic ulcerative colitis 


high percentage (70%) of the patients 


have endothelial proliferation of son 


Fic, 2. Glomerulus with endothelial proliferation. a. Grade 1 (hematoxylin and eosin x 
b. Grade 2 (hematoxylin and eosin x400). 


) 


| 
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degree, and that in approximately 11% 
the endothelial proliteration (glomeru- 
litis) is sufficient to cause marked ob- 
struction to the flow of blood through 
the glomerular capillaries. This capil- 
lary obstruction approaches that seen 
in Clinical acute glomerulonephritis. It 
may be noted that the percentage 


(11.6%) of patients having grade 3 
endothelial proliferation is similar to the 
percentage (S.2%) of patients diagnosed 
as having acute nephritis in the series 
of 145 patients reported by Jankelson 
and co-workers". 

Effect of Peritonitis. Peritonitis was 
present in about half of the cases of 


3. Glomerulus with endothelial proliferation, grade 3. a. Hematoxylin and eosin x375. 
b. Note epithelial crescent (hematoxylin and eosin x375). 
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chronic ulcerative colitis. That it had 
little effect in the production. of grade 
2 and grade 3 endothelial proliferation 
but that it did have an effect in the pro- 
duction of grade 1 endothelial produc- 
tion was apparent. In_ the 
chronic ulcerative colitis grades 2 and 
3, endothelial proliferation occurred 
just as frequently in the patients with- 
out, as in the patients with, peritonitis. 
Grade | endothelial proliferation, how- 
ever, occurred in twice as many patients 
with peritonitis as it did in patients 
without peritonitis. This observation is 
supported also in Table 2, where it is 
seen that in the control group of pa- 
tients with peritonitis (without chronic 
colitis ) almost all the patients with en- 
dothelial proliferation were in the grade 
| subgroup. 

Effect of Type of Colitis. All patients 
with grade 3 endothelial proliferation 
were in the group of patients who had 
chreric ulcerative colitis (tvpe 1 of Bar- 
gen). The patients with grades 1 and 
2 endothelial proliferation were distri- 
buted equally between the chronic ul- 
cerative and the segmental types of 
colitis. 

Relation to Activity of Colitis. The 
degree of endothelial proliferation was 
roughly, but in direct manner, propor- 
tional to the activitv of the 
(Table 3). 


cases ol 


colitis 


TABLE 3.—RELATION OF 
PROLIFERATION TO THE 
THE COLITIS 


ENDOTHELIAL 
ACTIVITY OF 


Endothelial prolif- 
eration, grades 1-8 


{ctivity of colitis, Total 
grade cases Cases Per cent 
1 (mild 1] 5 45.4 
2 (moderate 37 25 67.6 
3 (severe 12 12 100.0 


Cause of Endothelial Proliferation. 
Endothelial proliferation is a nonspe- 
cific reaction of the glomeruli to in- 


BAGGENSTOSS, 
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jury”. It occurs in a wide variety of in- 


fectious states and in certain nonin- 
fectious conditions? *. Its occurrence in 
chronic ulcerative colitis may be con- 


sidered as evidence of injury to which 
the glomerulus has responded in_ its 
usual manner. 

Correlation of Clinical Data 
Endothelial Proliferation. 
presence of albumin and erythrocytes 


With 
Because the 


in the urine is indicative of glomerular 
damage, the clinical data in these ne- 
cropsy cases are summarized here in 
connection with the findings on endo- 
thelial proliferation. 

In 58 of the 60 cases of chronic ul- 
(96.7% ) 


present to some degree in at least 1 


cerative colitis albumin was 
specimen of urine. The specimens in 
1] cases gave values as high as grades 
3 and 4 for albumin (on a basis of | to 
} In almost every case, there Was con 
siderable fluctuation from day to day 
in the amount of albumin. Some pa- 
tients with grade 3 albuminuria on one 
might 


other davs. There was 


day have no albuminuria on 
no correlation 
between the degree of endothelial pro- 
liferation and the amount of albumin in 
the urine. 
In 19 of 
were present in significant numbers at 
some time during the illness. In 16 other 
cases, they were present in minimal 


the 60 cases, ervthrocvtes 


numbers. 

Blood urea levels showed no genera! 
correlation with endothelial prolifera 
tion. This lack of correlation is prob- 
ably related to the frequent disturb 
ance of water and mineral balance in 
chronic and to the 
effect of disturbances on 
function and levels of blood urea. 

The presence or absence of edema 
has not been recorded because it would 
be impossible in most cases to separat 
the edema of renal origin from th: 
edema due to the hypoproteinemia s 
frequently found in chronic ulceratis 
colitis. 


ulcerative colitis 


such renal 


| 
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In only 4 of the 60 cases was there 
hypertension. In each of these 4 cases, 
other conditions were present that 
could account for the elevated blood 
pressure. These conditions were 1, preg- 
nancy, 2, amyloid contracted kidney, 
3. chronic glomerulonephritis, and 4, 
senile arteriosclerosis. The depressing 
effect on the blood pressure of chronic 
debilitating diseases is well known and 
was borne out by this study. 

Chronic glomerulonephritis was pres- 
ent in only 1 case. In that case, the oc- 
currence, | year before death, of a sore 
throat followed by edema, anuria and 
a high degree of albuminuria suggests 
the throat infection, not the chronic 
colitis, as the important etiologic fac- 
tol 

One patient in this series had acute 
bacterial endocarditis in addition to 
chronic ulcerative colitis of 3 years’ du- 
ration. Staphylococcus aureus was iso- 
lated from the blood. Necropsy disclos- 
ed large vegetations on the leaflets of 
the aortic and mitral valves. The kid- 

evs weighed 320 gm. and on micro- 
copic examination showed endothel- 
i! proliferation, grade 2. as well as 
thrombi in the glomerular capillaries. 
No focal glomerular infarcts character- 
tic of subacute bacterial endocarditis 
ere seen. There were, however, sev- 
ral early suppurative lesions in the 
tex as well as several areas of tubu- 
degeneration and necrosis. 

Lestons. 1. Degeneration 

( Necrosis. This lesion occurred in 

cases of chronic ulcerative colitis 

t only to a minimal degree in 1 of 

normal controls. Its incidence in 
series of control patients with peri- 
itis and in those with chronic ul- 
itive colitis is summarized in Table 

In most cases, this lesion was pres- 

t to only a small or moderate extent. 

ble 4 reveals that if one considers 

the number of cases of chronic 
rative colitis with peritonitis, the 
dence was approximately the same 


TABLE 4. INCIDENCE OF DEGENERA- 
TION AND NECROSIS OF THE TUBULAR 
EPITHELIUM OF THE KIDNEY 


( 
Degeneration 
Type of case Total Peritonitis and necrosis 
Chronic ulcer 
ative colitis 60 $l 14 
( ‘ontrols wit h 
peritonitis 35 35 11 


as in the control cases of peritonitis. 
Actually, however, in a number of 
cases of chronic ulcerative colitis in 
which there was no_ peritonitis this 
lesion was present. In several cases 
there were active regeneration and pro- 
liferation of cells lining the tubules, 
probably indicative of previous necrosis 
and degeneration. 

2. Vacuolization. This lesion is char- 
acterized by the presence of large 
round clear areas in the cytoplasm of 
the tubular epithelium (Fig. 4). It oc- 
curred in 5 of the patients with chronic 
ulcerative colitis. The largest vacuoles 
filled the entire cell and pushed the 
nucleus to one side. In those cases in 
which the vacuoles were present to a 
lesser extent, they occurred almost en- 
tirely in the cells of the proximal con- 
voluted tubules. Where the involve- 
ment was more extensive, it seemed 
that all portions of the tubules were 
involved, and in addition small areas 
of necrosis and degeneration were pres- 
ent. Stains for fat and glycogen gave 
negative results. 

Vacuoles were not seen in any of the 
normal controls, and in only 1 of the 
controls with peritonitis were they 
present to a minimal degree. 

The nature of these vacuoles was not 
determined. That they probably serious- 
lv interfered with renal function is in- 
dicated by the fact that in 4 of the 5 
cases, terminal oliguria and anuria de- 
veloped, lasting in the different cases 
from 3 to 6 days before death. Dehy- 
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dration was not a factor in the impaired 
urinary output, as all the patients had 
been receiving adequate amounts of 
uid intravenously. A careful search ot 
their records revealed no unusual medi 
cine or form of treatment common to 
all these patients that might account 
for the lesion 


BAGGI NSTOSS, 


BARGEN 


3. Calcification of Tubules. Scattered 
small deposits of calcium were present 
in Ll normal control, in 2 controls with 
peritonitis and in 9 patients with chron 
ic ulcerative Most of the cal 
cium deposits were in the smaller tu 
bules, involving the loop of Henle. The 
significance 


colitis. 


of this lesion has not been 


Fic. 4 


bh. Hematoxylin 


Large vacuoles in epithelial cells of tubules. a. H 


matoxvlin and eosin x140 


nd osin 
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established, but may represe nt previous 
degeneration and necrosis with subse- 
quent healing and calcification. 

Pyelonephritis. Acute pyelone- 
phritis occurred in 4 cases of chronic 
ulcerative colitis and in 2 of the con- 
trols with peritonitis. In all cases, the 
infection probably occurred by way ot 
the blood stream inasmuch as the pe |- 
vis of the kidnev in each case showed 
little or no evidence of infection. In ] 
other case there were bilateral urete- 
ritis and pyelitis without infection in- 
volving the kidney, and this probably 
represente ‘dan ascending infection. 

Neither cultures of the blood nor 
cultures of the urine were made in any 
of the 4 cases in which acute pvelone- 
phritis occurred in this series. 

ultures of the urine made in 14 
ther cases of this series, however, gave 
positive results in 11 cases and nega- 
tive results in 3. In none of the 1] 
cases in which the results were positive 
vas there gross or histologic evidence 
pvelonephritis 

Active chronic pyelonephritis was not 
seen in anv cases of chronic ulcerative 
colitis in this series. There were 3 cases 
in Which the lesions were suggestive of 
minimal involvement but the evidence 
vas inconclusive. 

\ separate clinical study was carried 
uit on 22 unselected hospital pa- 
tients who had chronic ulcerative co- 
itis with all degrees of severity of the 
lisease. Catheterized specimens — of 
irine were cultured on standard media. 
For 16 of the 22 patients the 
ave negative results, whereas for 6 


cultures 


he results were positive as follows: 
Pseudomonas in 2 cases, micrococci in 
Escherichia coli in 1. and Stren- 
coccus faecalis in 1. None of these 
itients complained of urinary svmp- 
THIS 
5. Renal Calculi. Nephrolithiasis oc- 
rred in only 1 patient with chronic 
cerative colitis. This patient had un- 
ergone ileostomy 1 vear prior to death 
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and a colectomy 2 days before death. 
Necropsy reve -aled bilateral pyelitis and 
ureteritis of a mild degree with a small 
calculus in the right renal pelvis. No 
obstruction was apparent. 

This case is in addition to the 6 sim- 
ilar cases described in 1941 by Lindah! 
and Bargen® and referred to earlier in 
this paper. 

Summary and Conclusions. Endothel- 
ial proliferation (glomerulitis) occurred 
in 70% of a group of 60 cases of chronic 
ulcerative colitis. The endothelial pro- 
liferation was a slight degree in 36.6%. 
of moderate degree in 21.6% and of 
high degree in 11.6% of the cases. En- 
dothelial proliferation of high degree, 
with swelling, appeared to cause mark- 
ed obstruction to the flow of blood 
the glomerular capillaries. There was a 
direct correlation between the degree of 
endothelial proliferation and the de- 
gree of activity of the colitis. The high- 
est degree of endothelial proliferation 
occurred in the cases of type 1 chronic 
ulcerative colitis (Bargen’s classifica 
tion). There was no correlation between 
the degree of endothelial proliferation 
and the presence of albumin or cellu- 
lar elements in the urine. It was con- 
cluded that chronic ulcerative colitis is 
probably not an important factor in 
clinical chronic glomerulo- 

Glomerular 
measured by urea clearance studies 


causing 


nephritis. function as 


was definitely depressed in 3 and ques- 
tionably depressed in 6 of the 16 pa- 
tients studied clinically. 

Tubular degeneration and necrosis of 
slight to moderate degree occurred 
23.37 of the 60 cases of chronic ulcera- 
tive colitis. Large vacuoles occurred in 
the tubular epithelium in 5 cases (8.37) 
The cause and nature of these vacuoles 
were not determined. Four of the 5 
patients with this lesion had terminal 
oliguria and anuria for a period of 3 to 
6 days before death in spite of ade- 
uate therapy with fluids. Deposition 
of calcium in the tubular epithelium 


@ 


e 
. 

. 

. 

~ 


BE! 


JENSEN, 
occurred in 15% of the cases of chronic 
ulcerative colitis, as compared with its 
occurrence in 5.8% and 1.7%, respective- 
ly, in a group of controls with periton- 
itis and in a group of normal controls 

\cute pyelonephritis occurred in 4 
6.7%) of the 60 cases of chronic ulcera- 
tive colitis. Chronic pyelonephritis did 
not occur in any of these cases. The 
kidneys, in 11 cases in which cultures 
of urine showed bacteria some time be- 
fore death, revealed no histologic evi- 
dence of pyelonephritis. Six of 22 un- 
selected hospital patients with chronic 
ulcerative colitis had positive results on 
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culture of the urine in the absence ot 
urinary symptoms. 

\ renal calculus was present in 1 of 
the 60 cases of chronic ulcerative co 
litis. Its possible relationship to an ileac 
stoma made | vear before death is dis 
cussed. 

After ileostomy 
cy to an increase in renal mass. In 45% 
of 20 which had 
been performed, the combined weight 


there was a tenden 


cases in ileostomy 
of both kidneys was more than 350 gm 
that 
chronic ulcerative colitis has no effect 


it was concluded ileostomy in 
on the incidence or degree of endothe! 


ial proliferation or tubular lesions 
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rHE EFFECT OF ORALLY AND INTRA-ARTERIALLY ADMINISTERED 
LYSOZYME ON THE CANINE GASTROINTESTINAL MUCOSA® 


By Joun F. PruppeN, M.D.+ 
NATHAN LANE, M.D.§ 
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Kart Meyer, M.D., Ph.D. 
ASSOCIATE PROFESSOR OF BIOCHEMISTRY, DEPARTMENT OF MEDICINE, 
COLLEGE OF PHYSICIANS AND SURGEONS 
NEW YORK, NEW YORK 


From the Departments of Surgery and Medicine, Columbia University 
College ot Physicians and Surgeons ) 


Tue high concentrations of lysozyme pouch and the intact stomach of a 
in the stools and mucosa of chronic dog* following lysozyme perfusion in- 
ulcerative colitis and regional enteritis dicated that the initial action is the 
patients have been established*. It has removal of the surface mucus of the 
ilso been shown that in general the gastrointestinal mucosa, permitting 
vsozyme titers and daily outputs fall secondary proteolytic digestion. 
vith improvement*. The demonstration The ulcerative action of lysozyme on 
1 the initial experiments of an ulcera- animal gastrointestinal mucosa has 
tive effect® of the enzyme strongly sug- been confirmed by Wang and_ co- 
sested that lysozyme locally initiates workers’. They, however, believe that 
the lesions of regional enteritis and the first demonstrable effect — of 
hronic ulcerative colitis. Additional lvsozyme_ is capillary hemorrhage in 


pee 


£ 


lata have shown what is statistically 
probably significant increase in 
sozyme activity in the gastric juice 


the lamina propria. A histologic altera- 
tion of the intra-cellular mucus is also 
described by these workers. This oc- 


peptic ulcer patients over normal — curred after incubation of stomach sec- 
mtrols*. The mucosa of the antrum — tions in lysozyme. 
The following cardinal observations 
creased lysozyme titers when com- concerning lysozyme have been made: 
ired to similar uninvolved areas of _ 1. Lysozyme occurs normally in high 
ircinomatous stomachs?. This infor- concentrations in tears, antral, pyloric, 
ition led to the conclusion that and duodenal mucosa, hyaline cart- 
sozyme is probably an additional  ilage, and fetal tissues** re lative to the 
tor in the pathogenesis of peptic amounts in skin, feces, saliva, urine, 
er. and blood. 

lhe histological demonstration of the 2. There is a marked increase in 
sence of surface mucus in a Pavlov lysozyme production in chronic ulcer- 


ulcer patients possesses definitely 


* Supported in part by the Research Grants Division of the U. S. Public Health Service, 
Josiah Macy, Jr. Foundation, William H. Smails, Omaha, and the South American Gastro- 
tinal Research Fund (Dr. A. Valenti-Mastre). 

Former Research Associate, Department of Surgery, College of Physicians and Surgeons. 
ent address: Department of Surgery, Peter Bent Brigham Hospital, Boston, Mass. 
Former Research Associate, Department of Surgery. Present address: Department of 
ology, Mt. Sinai Hospital, New York, N. Y. 
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ative colitis, regional enteritis, and a 
statistically probably significant rise in 
peptic ulcer 

been shown to 


effect 


Lvsozvme has 


exert a damaging on gastro 
intestinal mucosa! 

!. Granulation tissue possesses a con 
siderable amount of lvsozvme 

Chis article reports the more recent 
work on the effect of Ivsozvme on the 
tract. It 
tha 


concept ot its 


gastrointestinal is Important 
the action of 
the 


in alimentary 


to study enzvme on 


mucosa because 


etiologic role ulcerative 


disease rests in large measure upon 


ANINE. G 


ASTROINTESTINAL MUCOSA 


In the study of the control sections 


it was observed that the canine gastro 


intestinal mucosa at times exhibits 
sloughing of the 


the 
ently a normal phenomenon. It is there 


superficial cells into 


surface mucus which is 


fore possible to find areas in normal 
guts where the tips of the villi are 
devoid of epithelium. An example is 
shown Nh Fig | There were only 2 


definitely pathological lesions found in 
all control sections. The more severe is 
exhibited in Fig. 2. The 
of a V-shaped area of necrotic mucosa 


lesion consists 


occupying less than 1 low power field 


the demonstration of in ulcerative The process penetrated to a depth 
ettect two-thirds the thickness of the mucosa 
rABLI RESULTS OF LYSOZYME ADMINISTRATION 
Daily d l Durat \ \ 
dD f 
14.000 S40.000 oo ( l 
27 £59 000 17 
1.000.000 | 
} 1.000.000 a 
2 O00 000 S davs 28 O00 000 ] 0 0 
Experimental. The experimental study of | The cellular debris exhibited the char 
effect ot lysozyme on canine gastro 


nite stinal mucosa Was unde rt iken emploving 


techniques: OF il administration, and inje¢ 


ot the superior mesenteri irtery. 


lL. ADMINISTRATION. Crystalline egg 
white lvsozyvme > in No 2 gelatin capsules 
idministered orally to 4 dogs in_ this 
group The dogs’ weights ippearances ind 
behavior did not change during the exper 


ent. At the completion of the experiment 
the dogs wer 
Nembutal, the 
ediately ren ind 
without this 
hyperemia and edema comparabl to 


een in the dog 


sacrificed with intravenous 
sastrointestinal tracts were im 
ioved examined grossly 
dogs no 


that 


pre 


washing. In series of 
re ported ina 
grossly. All 
and suspicious erosions wert fixed 
in Bouin’s fluid and submitted for 


ections. Random sections were also procurt d. 


public ition- were notec mucosal 


cle pre SSIONS 


histologic 
Che gastrointestinal tracts of 4 dogs sacrificed 
for other 


histologic 


and 
total 
and 


purposes were used for 
controls The daily 
duration of the 


results varied as indicated in Table 1] 


gross 
dosages, 


dos ige, 


experiment, 


* Generously furnished by Dr. Lawrence 


Lachat of 


acteristics of necrosis. These 2 lesions 


are of unknown etiology, but are dis 


tinctly different in character from thos¢ 


lvsozvme. 


produced by In all instances 
the erosions indicated as definite and 
as probable in Table 1 were qualita 
tively dissimilar from the preceding 
The lesions produced in the dogs 
fed lysozvme were characterized by 
mucosal defect occupied by a mass of 
mucus densely packed with groups of 
desquamated mucosal cells retaining 
The villi in, ad 
jacent to and often deep to the lesior 


viable appearance. 
were devoid of epithelium to a great 
depth than seen in the control section 
The denudation of the lamina propri 
.frequently extended beyond two-thir« 
the depth of the mucosa. Examples a1 
shown in Figs. 3 and 4. 


ind Co., Chicago, III 


Armour 


. 
‘ 
== 


2% 


Epithelial sloughing the of al dog Phe cells from the 


thi 


villi lie in tl 


i adjace nt 


surtace 


X 75 


P 


tips ol 


see 


ger ets tm we 


ac 


Fic. 2. A focal area of necrosis in the ileum of a control dog (X 75). 
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>. 


4, 


Duodenal lesion in Dog 3 


villi 


ly SOZVTV d 


44 


Duodenal lesion in Dog 1 (lysozyme-fed) occurring at 


(294 ) 


X 46). 


the site of a “pseudo ul 


f “ei i 3 
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The lesions listed as “probable” in 
the table were different from the “det- 
inite” ones only in extent. Compared 
to all control sections e ‘xhibiting super- 
ficial sloughing, they are signiticant. 

No. significant alteration in surface 
mucus was noted histologically in 
Dogs 1, 2, or 3. However, sections 
from Dog 4 showed only fragmentary 
remnants of surface mucus in the ma- 
joritv of sections. 


mucosal collections of lymph follicles 
(Fig. 5). The mucosal pattern over 
these follicles does not retain its usual 
glandular and villous character; but in 
no instance did control sections of 
these areas reveal any mucosal defect 
or abnormal epithelial sloughing. 
Volini speculated on the possibility that 
these areas might be sites of decreased 
mucosal resistance. Two of the 3 deft- 
inite erosions in Dog 3 were not in 


FiG. 3 View of a portion ot a 


Volini® called attention to circum- 


ibed mucosal depressions occurring 


the normal canine small gut; prin- 
ily in the duodenum. Because of 
ir appearance, they superficially re- 
ible ulcerations on gross inspection; 
fact, many of these sections were 
n through such areas for this rea- 

Microscopically these areas are 
acterized by submucosal and 


“pseudo-ulcer” in a control dog’s jejunum (X53). 


association with these areas; but all 6 
definite lesions in Dog 1 occurred 
such sites. Of the 5 probable erosions, 
only 2 were so located. 

These dogs bring the total number 
given lysozyme by mouth to 7, includ- 
ing those previously reported*. In 5 
of the 7, definite lesions have been 
produced, and probable lesions in 6 of 
7. The fact that the only failure to 


St Atti 
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produce erosions was in the dog receiv- 
ing both the highest daily and_ total 
dosage is not explainable at present. 
The nature of the lesions produced in 
these dogs suggests an acute process 
of short duration. For example, the 
erosions in Dog 1 were qualitatively 
similar to those in Dog 3, in spite of 
the extreme difference in the time ele- 
ment. Since many of the factors caus- 
ing progressive ‘ulcerative alimentary 
disease in man are absent in the dog, 
it is felt that progression of the 
lvsozvme-induced lesion to classic 
morphologic changes is not to be ex- 


pecte d in animals. 


periment. The dogs were sacrificed 5 
hours after the initial injection. Slightly 
different amounts were employed in 
the different animals. Three contro! 
dogs were used who received approxi 
mately the same doses of a solution of 
inactivated lysozyme. This solution 
was made up with 440 mg. of lysozyme 
in 180 cc. of isotonic saline. To this 
were added 20 ec. of 1 N sodium hy 
droxide, and the solution was placed i) 
a boiling water bath for 30 minutes; 
then 20 cc. of 1 N hvdrochloric acid 
were added to bring the solution to 
the original pH. This manipulation 
takes advantage of the destruction of 


TABLE LYSOZYME INJECTION SCHEDULE 


Ly 

Dog No \ 
2 

Tnact if 

Dog N 
) 


) 


2. INTRA-ARTERIAL INJECTION, To de- 
termine the effect of the uniform 
interstitial distribution of lysozyme in 
a segment of the gut, the enzyme, in 
a concentration of 2 mg. per ce. (about 
2860 units per cc.), was injected into 
the superior mesenteric artery of 4 dogs 
over a 5 hour period, using a 27 gauge 
needle and a 20 cc. syringe. For con- 
venience it was necessary to inject 
slowly in a retrograde fashion at a 
distance of about 6 cm. from the aortic 
junction. It was evident that the rate 
of injection was not sufficient to cause 


an overflow into the general circula- - 


tion. In every instance the mesenteric 
vessels in the distribution of the supe- 
rior mesenteric artery were pulsating 
normally at the conclusion of the ex- 


Tot 
Ex perime / 
Hour 

17¢ 


lvsozyme in heated alkaline solution 
Lysozyme assays after this treatment 
revealed no residual activity. 

Table 2 summarizes the injectior 
schedule, time interval, and tota 
dosage. 

The control dogs exhibited n 
lesions grossly, and no alteration 
the normal amounts of surface muct 
or in the usual vascularity of tl 
mucosa. Microscopically, the only d 
inite finding was normal superfici 
sloughing as shown in Fig. 1. Muci 
could be found in the crypts in 
high powel fields of the control s¢ 
tions. 

Grossly, Dogs 1 and 4 exhibit 
mucosal hemorrhages. In Dog 1 tl 
was of a patchy character, primar 


| 

> 

! - 
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in the jejunum (Fig. 6). The lesions 

Dog 4 were more diffuse. No such 
areas were seen in Dogs 2 and 3. In 
comparison with the controls, the lack 
of surface mucus in the distribution 
of the superior mesenteric artery in 
Dogs | and 2 was definite, in Dog 3 
was minimal, and in Dog 4 could not 
be appreciated due to the hemorrhagic 


change. 


the red blood cells from within the 
crypts to this surface layer, indicating 
that the source of the blood was from 
within the mucosa at the area sec- 
tioned. Fig. 9 demonstrates this. The 
grossly observed diminution of sur- 
face mucus was confirmed microscop- 
ically, particularly in the crypts. 
Lysozyme assays were done on the 
small bowel mucosa of Dogs 2, 3, and 4 


Fic. 6. Hemorrhagic lesions of the jejunum in Dog 1 (lysozyme. intra-arterially 


Microscopically, all lysozyme dogs 
rather wide apill: iryv dilatation 
the lamina propria. Actual extrava- 
tion of red blood cells could be 
served in all lysozyme dogs (See 
s. 7). In Dogs 1 and 4 this extrava- 
ion was apparently the source of < 
er of red blood cells, serum, Sbrin, 
epithelial cells seen 
the surface of the mucosa (Fig. 8). 
some areas it was possible to trace 


The results were: jejunum, Dog 
10 units per gm.; jejunum, Dog ; 
19 units per gm.; duodenum, Dog 

— 60 units per gm.; ileum, Dog 4 — . 
units per gm. It is interesting to note 
that this approximates the average 
titers of the mucosa in regional enteritis 
and chronic ulcerative colitis (33 and 
42.5 units per gm. viene th Test 
of the serum of Dog 3 immediately 
before sacrifice showed a lysozyme 


w bo 


‘vr +t) - 
y) Ge. 
» 


J 

. Fic. 7 Area of capillary dilatation and red blood cell extravasation in the jejunum. Th 
. 
5 irrows indicate the lamina propria of an eroded villus. This is the source of blood and cell 
i in the overlying gland space Dog 2 lvsozvme_ intra-arterially X 330). 

{ 


Fic. 8. Layer of blood and desquamated cells in continuity with similar material in 
crypts of the jejunum of Dog 4 (lysozyme intra-arterially) (X 360) 
( 298 ) 
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content of S units per cc., in com- 
parison with the normal of 1.5 units 
per ce. 

Discussion. Lysozyme is regarded by 
us as a local initiating factor in ali- 
mentary ulcerative disease. 

The recent finding® that the lysozyme 
content of granulation tissue is high 
raised the question of whether the 
high titers in colitis might be ac- 
counted for solely on this basis. This 
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Furthermore, the proposition that 
lysozyme is causative rather than 
corollary in ulcerative alimentary dis- 
ease is most strengthened by its dam- 
aging effect on gastrointestinal mucosa. 

Heretofore, 3 laboratories have re- 
ported such an effect. Removal of the 
surface mucus with subsequent loss of 
superficial epithelium, hyperemia, and 
edema were first reported?. Wang and 
his associates’ then emphasized capil- 


). The arrows indicate the continuity of red blood cells from a crypt to the surface. 
Jejunum of Dog 4 (lysozyme intra-arterially) (X 360). 


improbable because of the finding of 
sh stool lvsozvme titers in the ab- 
It blood with 
‘moidoscopically non-ulcerated mu- 
sa. This does not imply that a 
rtion of the stool lysozyme content 
y not originate from granulating 
faces when ulceration is present. 


nee of occult 


lary hemorrhage in the lamina propria. 
They also noted vacuolization of mucus 
and disorganization in the surface 
epithelial cells. Grace and associates! 
reported sharply circumscribed areas 
of inflammation and edema following 
the application of human tears to the 
mucosa of a prolapsed colostomy. 


Se te ee 
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Summary and Conclusion. By admin 
istering Ivsozvme orally and _ intra- 
arterially, it has been possible to dup 
licate the lesions reported previously 
it removal ot the surface mucus, 
desquamation of the epithelium, capil 
lary dilatation and hemorrhages in the 
lamina propria. It still seems most 
probable that the observed mucosal 


Phe helpful idvice and suggestions of Dr 
nd Dr. Arthur Purdy Stout were much ippre 
Surgery gave competent technical assistance it 


urgical procedures 
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edema and hemorrhage are secondary 
to the epithelial damage 

The appearance of the rectosigmoid 
mucosa in chronic ulcerative colitis is 
consistent with these observations. It 
is hyperemic, hemorrhagic, edematous 
and lacking in surface mucus. 

Lvsozvme is regarded as a causative 


factor in alimentary ulcerative disease 


John S. Lockwood, Dr. Raymond S. Megibow 
iated Miss Joan Le SOT) ot the Department of 


i the Ivsozvme ivs and in the experimental 


ENCES 


Grace, W. J]., Seton, P. H., Wolf, S.. and Wolff, H. G.: Ai I. Med. Sci., 217, 241 


Mever, K.. 
892 1948 

Mever, K.. Gellhorn, A., Prudden, J. F., 1 
>. 496. 1948 


Prudden, ]. F.. Lehman, 


Prudden, I. Lane, N.. and Levison, J.: 
5. Prudden, J. F., Lane, N.. and Mever, K.: 


ind DeFeo, Hi: Arch. Sur 36, 259. 1958 


6. Volini, I. F.. Widenhorn, H. L. 
Wang, K. J.. Grant, R., Janowitz, H. D., 


W. L.. and Steinberg, A.: Am. J. Med.. 5. 
ehman, W. L.. | Steinberg, A.: Am. J. Med 


To be publishe 
lo be publish 


ind Grossman, M. [.: Arch. Path. (in press 


DIAGNOSTIC VALUE OF 


PULMONARY ARTERIOGRAPHY 


IN BRONCHIAL CARCINOMA® 


By P. 


A. VOELKER, 


KEIL, 


M.D. 
M.D. 


AND 


|. SCHISSEL, 
DES MOINES, 


From the Departments of Internal Medicine 


M.D. 


IOWA 


and Radiology, 


Veterans Administration Hospital) 


Pine increased incidence of bronchial 


carcinoma is well recognized. Estab- 
lished diagnostic methods, notably 
bronchoscopy, bronchography, — and 


planigraphy, have been only partially 
More recently. the cytologic 


bronchial washings 


succe sstul. 
study of has in- 


creased the accuracy of diagnosis. 


There remains. however, a for 


ther methods of investigation which 


will provide reliable diagnostic signs 
n the presence of an expanding and 
nfiltrating neoplasm, particularly while 
the lesion is in an early resectable 
tage. It of this study 
to show that certain atypical pulmo- 


vascular patterns are 


is the purpose 
associated 
ith bronchial carcinoma. 
Injection of the pulmonary arterial 
ce of normal lungs with vinyl acetate 
this arterial 
rather uniform and extremely com- 
ict with the major branches closely 
with bronchi. A 
oplasm anywhere within pulmonary 
renchyma would be e xpected to alter 
Ss pattern to some extent. 


emonstrates network to 


sociated larger 


Study of surgically extirpated pul- 
nary and 
constancy — of 
olvement of the pulmonary arterial 


nks and radicles. We 


carcinomas necropsy 


cimens indicates a 


le ‘sser have 


* Sponsored by the VA and published with the 
statements and conclusions published by the 
it necessarily reflect the opinion or policy of the 


noted a considerable distortion of cer- 
tain the pulmonary 
arterial tree by actual invasion or com- 
pression of blood vessels by an invad- 
ing neoplasm of even smi ll size. 

The only method now available to 
such vascular disturb- 
ances in the living patient is that of 
contrast visualization. Robb and Stein- 
berg’, after considerable study of the 
pulmonary vascular pattern in paren- 
chymal lesions, concluded (in part): 

“This method gave no assistance in the 
diagnosis of neoplasm. It is possible 
that characteristic deviations from the 
normal vascular pattern of the lung 
can be worked out for pulmonary 


segments — of 


demonstrate 


disease.” 

and Grishman* re- 
ported that arterial occlusion lung 
is of considerable diagnostic 
importance. Recently, Neuhof et al.’, 
have studied distortion and obstruction 
of the pulmonary artery and its major 
branches in bronchial carcinoma in- 
volving the main bronchi. 


Sussman 


caneer 


Technique. The patient is placed for a 
postero-anterior projection of the chest while 
sitting before a specially constructed multiple 
cassette tunnel device for rapid serial expo- 
sures. The target film distance is 6 feet. The 
exposure factor found satisfactory is simply 


an increase of 10 KV _ over the exposure 


approval of the Chief Medical Director. 
authors are a result of their own study and 
Veterans Administration. 
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Fic. 1. Case 2. Extirpated lung, looking directly into hilus, showing carcinomatous infiltr 
tion into the left pulmonary irter\ 


Fic. 2, Case 1. Carcinoma, left upper lobe, with emphysema and diminished vascula 
There is complete obstruction of the superior branch of the left pulmonary artery. This 
subsequent roentgenograms were made after injection of diodrast 


‘ “a we 
> 
™ 
+e 
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normally used tor plain film study. Fifty ce. 
of 70% diodrast are injected in Ll to 2 seconds 
through a 
cubital 
ind 8 seconds after completion of the injec- 
Phe 2 and 


circulation, 


into an ante- 


Exposures are made at 2, 4, 6, 


number 13) needle 


vem 


tion 


leSSCT 


second films outline the 
and the 6 and 8 
greater circulation, No prep- 


second 
films outline the 
tration of the patient has been necessary. 


Results. We have performed contrast 
studies on cases with various types of 
pulmonary parenchymal disease. The 
pattern of the pulmonary 
parenchyma was then scrutinized, and 


vascular 


compared with arteriograms of patients 
with normal lungs. 
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tion of the main pulmonary trunk. One 
showed complete obstruction of a ma- 
jor part of the right pulmonary artery. 
The |] 
the normal vascular pattern had diffuse 
lymphangitic 


case without a deviation from 
spread of carcinoma 
throughout the entire lung prior to the 
development of a mass in the right 
hilar region. 

Injection of opaque media into the 
vascular stump of extirpated lung re- 
veals findings comparable to those seen 
in vivo. 
flated 


The lung, if possible, is rein- 


after removal and the main 


» 2. Epidermoid carcinoma, left upper lobe, 


with diminished vascularity of the 


entire left upper lobe. 


t. Case 3. Carcinoma, right lower 
Fitteen of the patients with pulmo- 
ry parenchymal disease ultimately 
oved to have bronchial carcinoma. 
| but 1 revealed a recognizable devi- 
the normal pulmonary 
pattern. The most constant 
normality was diminished vascular- 
of all or part of the lung distal to 
carcinoma. In addition, decreased 
ber, distortion, or actual arterial 
lusion of secondary radicles within 
tumor mass was seen in 9 cases. 

» showed displacement and distor- 


on trom 


scular 


lobe, 


tumor 


with diminished 


mass. 


vascularity distal to the 


bronchus occluded. The stump of the 
pulmonary artery is sutured, and roent- 
genograms are taken after injection of 
diodrast into the closed arterial stump. 
Careful comparison of the arteriogram 
in vivo is made with the injected speci- 
men. Care is used to exclude the many 
artefacts possible in such a study. 

In only 1 instance has the arteriogram 
failed to reveal diminished vascularity 
in the presence of bronchial carcinoma. 
(This was the case of lymphangitic 
spread.) In no instance has the pattern 


: 
£ 
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of diminished vascularity been pres 
ent in a purely inflammatory lesion. 

There are other instances in which 
the vascularity of the pulmonary 
parenchyma is decreased. Senile 
emphysema, which is usually bilateral 


with bullous “emphysema of a lung or 
segment of lung. Again there is ordi 
narily no tumetactive process present 
and only rarely is the differential diag 
nosis of primary bronchial carcinoma 
entertained in one of these cases. The 


Fic. 5. Case 9. Carcinoma, right upper lobe, 
Fic. 6. Case 10. Carcinoma, right upper lob: 


with diminished vascularity distal to the ma 


with absence of vascular markings through 


the neoplastic area, and with irregularity of the superior margia of the right pulmonary arte 


Fic. 7. Case 1l. 


Carcinoma, left upper lobe 


entire hilus and producing diminished vascularity of the entire left 


and not associated with a tumefactive 
or infiltrative neoplastic process, is 
associated with diminished vascularity. 
This diminution in the vascularity is 
ordinarily diffuse and symmetrical 
throughout both lung fields. Localized 
diminution in vascularity is associated 


bronchus, invading downward to involve t 


lung 


only other instance of decreased va 
cularity is within a pulmonary absce 
cavity. Within a cavity no vascul 
pattern is visible while the area arour 
the abscess shows either some increa 
in vascularity or no change and t 
area distal to the abscess shows no d 


| 
| 
oh 
: 
| 
| 
. 
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turbance of the vascular pattern. We 
have experienced no difficulty to date 
in distinguishing between a cancerous 
and noncancerous lesion, except in a 
ot ot 
mediastinal nodes by tuberculosis, with 


case massive enlargement 
compression of the superior margin of 
the right pulmonary artery. There was, 
however, normal vascularity of Jung 
parenchyma distal to this lesion. 
Discussion. We believe there are 3 
reasons for the diminished vascularity 
occurring distal to a tumor mass in the 


They are, in the order of impor- 
tance, vascular, bronchial, and paren- 
chymal. 1. The infiltrating neoplasm 


tay Compress or obstruct primary or 
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secondary 


bronchial obstruction 


segmental or lobar 
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arterial branches. 2. Partial 
with 
obstructive 


resultant 
em- 


physema produces diminished vascu- 


larity. 3. Necrosis of lung parenchyma 
causes complete avascularity of the 
involved portion of lung. One or more 


these factors in 


ot 


combination 


may 


be present in any individual case. 


In our experience diminished vascu- 
larity in early carcinoma has been the 
result of vascular occlusion. This ap- 


pears to be a 


constant 


finding, no 


matter where the neoplasm is located. 


We are aware of the diminished vascu- 
larity incident to obstructive emphy- 


sema alone. 


TABLE 1. ANGIOGRAMS AND LESIONS FOUND IN 
(ase Grross Pathology 
1 HMG Obstruction, sup. branch left pul Not available (died elsewhere 
art., with dimin. vascularity LUL — with cerebral metastases 
Obstruction, see. radicles, with Mass involving major portion 
dimin. vascularity, LUL LUL, invading upper lobe art.; 
origin LUL bronchus 
» LOA Decreased calibre of vessels with- Mass involving mid. lobe, app 
in and dimin. vascularity distal originating from a sec. bronchus 
+ IB Pattern unaltered by Iymphan Diffuse invasion, rt. lung; origin 
vitic spread of neoplasm rt. main stem bronchus 
CEJ Avascularity of entire rt. lung Mass encircling RMSB with locu- 
lated cavities in neoplasm replac- 
ing lung parenchyma; origin RMB 
Te Displacement of sec. radicles and Origin RUL bronchus with exten- 
dimin. vascularity distal to mass — sion inferiorly 
LEH Dimin. vascularity, entire rt. lung Origin RLL bronchus with infil- 
tration RLL 
WLB Dimin. vascularity, entire rt. lung Originrt.eparterial bronchus with 
obstruction of rt. pul. art. by en- 
circling mass 
Dimin. calibre of vessels adjacent Nodular mass, 5 em. diam., RUL, 
to mass and dimin. vascularity — extending peripherally 
distally 
1GB Irregularity, sup. margin, rt. pul Not available. Diag. proved by 
art.; obstruction, see. branches, exploratory thoracotomy and bi- 
rt.; dimin. vascularity, RUL opsy elsewhere 
EJ Decreased calibre of sec. branches, © Origin LUL with mass extending 
It. pul. art., dimin. vascularity, downward to involve entire hilus 
entire lung 
PAW Dimin. vascularity of RUL Origin RUL bronchus with infil- 
tration entire RUL and mediasti- 
num 
SCD Decreased vascularity, LUL,dis- © Origin LUL bronchus. Localized 
tal to tumor mass to LUL 
FRKO Decreased vascularity, RUL, with Origin RUL bronchus with ex- 
complete obstruction of upper — tension to mediastinum 
portion of rt. pul. art. 
RLS Dimin. vascularity, entire rt. lung Mass involving entire rt. hilus and 


mediastinum 
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Microscopic 
Not available 


piderm car 
cinoma 


Adenocarcinoma 


Poorly differenti- 
ated carcinoma 

Epidermoid, 
poorly differenti- 


ated 


Carcinoma, 
differentiated 
Undifferentiated 
CA 
Epidermoid, 
poorly differenti- 
ated 
Epidermoid, 
well differenti- 
ated 

Not available 


un- 


Epidermoid car- 
cimoma 


Epidermoid cur- 
cinoma 


Adenocarcinoma 


Undifferentiated 
carcinoma 


Undifferentiated 
carcinoma 


Summary. 1. The results of pulmo- 
nary arteriography in 15 cases of 
bronchial carcinoma have been pre- 
sented. 

2. Diminished vascularity of the 
portion of involved lung distal to the 
tumor mass was found in 14 cases. 
Other changes were encountered less 
often. One patient with diffuse 
lymphangitic spread of neoplasm re- 
vealed no discernible abnormality. 

3. These changes, in our opinion, 
are explained by obstruction of arterial 
branches, bronchial obstruction with 
resultant emphysema, and necrosis of 
pulmonary parenchyma. 

Other changes encountered less 
frequently include decreased caliber 
of vessels with displacement, distortion 
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and obstruction of main pulmonary 
artery. 

5. Diminished vascularity was also 
found to occur in non-neoplastic dis- 
eases, notably senile pulmonary em- 
physema, bullous emphysema, and lung 
abscess. However, these conditions are 
rarely associated with a tumefactive 
process and we have encountered no 
difficulty in distinguishing the pattern 
from that produced by carcinoma. 


Conclusion. We believe pulmonary 
arteriography should be added to the 
diagnostic armamentarium in cases of 
bronchial carcinoma. 

The pulmonary vascular pattern 
shows, in nearly all cases, character 
istic deviations from the normal. 


THE SIGNIFICANCE OF BILIRUBIN PARTITION IN 
HEPATO-BILIARY DISEASES°* 


By FENTON SCHAFFNER, M.D. 


RESEARCH 
PATHOLOGY, 


ASSOCIATE, 


ASSISTANT IN 


Hans Popper, 


DIRECTOR, 
DIRECTOR, 
PROFESSOR OF 


SCIENTIFIC 
ASSOCIATE 


HEKTOEN 
PATHOLOGY, 


NORTHWESTERN 


DEPARTMENT 
INSTITUTE, 
NORTHWESTERN UNIVERSITY MEDICAL 


HEKTOEN INSTITUTE 
UNIVERSITY MEDICAL 
M.D., Ph.D. 


OF PATHOLOGY 
COOK COUNTY 


SCHOOL 


HOSPITAL 
SCHOOL 


AND 


FREDERICK STEIGMANN, M.D., M.S. 


ATTENDING PHYSICIAN AND 
ASSISTANT 
UNIVERSITY OF 

CHICAGO, 


DIRECTOR, 
COOK COUNTY 
PROFESSOR OF 
ILLINOIS COLLEGE 
ILLINOIS 


DEPARTMENT 
HOSPITAL 
INTERNAL 


OF THERAPEUTICS, 


MEDICINE, 
OF MEDICINE 


From the Hektoen Institute for Medical Research and the Departments of Pathology, 
Medicine and Therapeutics of the Cook County Hospital, Department of Pathology, 


Northwestern University Medical School, 


and Department of Internal Medicine, 


University of Illinois College of Medicine ) 


Tue diagnostic significance of the 
partition of the serum bilirubin into a 
direct and indirect fraction in jaundice, 
exclusive of the hemolytic form, is not 
clearly established. An investigation of 
this question on a large number of 
jaundiced patients with verified diag- 
noses, therefore, appeared indicated. 
In addition, the recently available, ex- 
tensive material of liver biopsy speci- 
mens offered a chance to study the re- 
lation of this partition to liver cell 
lamage. Moreover, since the patho- 
genesis of jaundice has been associated 
vith changes of the bilirubin fractions, 
nformation gained from such studies 
nay serve in re-evaluating this as yet 
bscure mechanism. 

It has long been known that in per- 
rming the qualitative diazo reaction 
f van den Bergh in some instances of 
uundice, aleohol had to be added 
efore the characteristic red color was 

en (indirect bilirubin or bilirubin A). 


° Supported by grants from the Dr. Jerome 


while m others this color appeared 
without the addition of alcohol (direct 
bilirubin or bilirubin B)**. It was as- 
sumed that bilirubin which gave the 
indirect reaction had not reached the 
liver cells and that which gave the 
direct reaction had already passed 
through them and had regurgitated 
from the bile The 
chemical or physical differences bet- 
ween the 2 forms of bilirubin have 
been the subject of much controversy. 
Apparently they differ mainly in their 
colloidal state which in turn is respon- 
sible for variations in the protein bind- 
ing”. 

Many methods have been described 
for the quantitative determination of 
both bilirubin fractions in the blood®:'*: 
20.22.24 The application of photoelectric 
colorimetry to the van den Bergh reac- 
tion'®, particularly as modified by 
Ducci and Watson*, has found wide- 
spread acceptance. 


D. Solomon Memorial Research Foundation 


1 the Committee on Scientific Research of the American Medical Association. 
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\tter the addition of diazo reagent 
to serum, the red color may appear 
promptly and then gradually deepen on 
standing up to 30 minutes or it may 
appear only after several minutes. This 
gave rise to several descriptive terms 
such as prompt direct, delayed direct, 
biphasic, and others. Watson demon- 
stated that there are only 2 components 
to the reaction, a prompt one and a 
delayed one, the latter being apparent- 
ly due to gradual coupling of the indi- 
rect bilirubin**. Therefore, quantita- 
tively, the direct bilirubin was con- 
sidered that amount which had reacted 
in | minute (as determined by the 
Malloy and Evelyn method). This frac- 
tion and the total serum bilirubin are 
considered the only values of practical 
significance*®*", Because the reaction is 
stopped in 1 minute, Watson prefers 
the term  prompt-reacting — bilirubin. 
which will be emploved here. 

Using this sensitive photochemical 
method, it was found that bilirubin is 
present in normal human serum up to 

20 mg. per 100 ce.. less than 0.2 mg. 
per 100 ec. of which reacted promptly”", 

Material and Methods. In 279 jaundiced 
patients, 580 determinations of prompt-react 


ing and total serum bilirubin were performed 
iccording to Ducci and Watson®. Of thes« 


233 determinations were pe rformed in 114 
patients with cirrhosis, 228 in 81 patients 
with acute hepatitis (viral or toxic), and 123 


n 84 patients with extrahepatic biliary ob- 
struction. The diagnoses in these patients had 
been established by clinical and laboratory 
observations including series of hepatic 
tests!» and also by the follow-up course, liver 
biopsy or autopsy. Only patients with a total 
serum bilirubin of 2.0 mg. per 100 cc. or more 
were included. Too few cases of hemolytic 
jaundice were available for statistical evalua- 
tion. In addition, 31 normal adults were used 
is controls 

Liver biopsy specimens were obtained 153 
times in 132 patients, in most cases, by aspira- 
tion with a Turkel needle?* using the right 
lateral approach through the 9th interspace 
In a few cases the liver specimen was obtain 
ed at laparotomy. In 34 instances of this 
series, the biopsy speciinen was obtained at a 
time when the jaundice had subsided. The 


biopsy specimens were fixed in Carnoy’s solu 
tion and stained with hematoxylin and eosin 
or Mallory’s aniline blue. The presence of 
minimal Or marke d liver cell damage was de 
termined without knowledge of clinical labora 
tory findings according to the criteria estab 
lished by Popper, Steigmann and Szanto!® 

lr values were used as a test of significance 
for the differences between the means of the 
bilirubin determinations in the various forms 
of jaundice. These values were obtained from 
the following formula!? 


AY AY | 
\ Oy Oy 
where M, and M, are the respective means 
and oy ind ay ire the standard errors 


of these means This latter value was ob 
tained by dividing the standard deviation of 
the mean ( @ by the square root of the num 
ber of determinations (N) less one 


N-1 


r values, also used as a test of significance 
of the differences between the number of 
cases with minimal and with marked liver 
cell damage as related to the levels of the 
prompt reacting and total) serum _ bilirubin 
ind the prompt total bilirubin ratios, were 
obtained from the following formula!” 


\ (B)-—O 
B 


where % 4) is the percentage of cases witl 
marked liver cell damage with the bilirubin 
fraction under consideration above a_ given 


level and %,») is the percentage of cases with 
minimal liver cell damage with the bilirubin 
fraction under consideration above the sam 
given level is the standard 


deviation of the percentage differences and 
is obtained by the following formula 


100 4/PAaa + 
VN, Na 

where p is. th proportion above the giver 
level, q the proportion below and N th 
total number of cases. A T value above 2.01 
is taken here as showing significant correl 
tion. 

The degree of correlation (T) was fow 
using Dunlap’s biserial correlation formula‘ 


thiserial =) 
mseTria 


where M), represents the mean of the bili: 
bin fraction under consideration of the cas 
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with significant liver cell damage and M, the 
nean of this fraction in all the cases oy IS 
the standard deviation of this latter mean, 
Py the proportion of the total cases in the 
group with marked liver cell damage and 
Vit the value of the ordinate on a normal 
urve at the point that divides the total dis- 
tribution into two parts, with the proportion 
of the area above the point equal to P). Cor 
relation coefficients range from plus to minus 
one with zero indicating no correlation at 
ill. For the size and distribution of the sam- 
ple used in these calculations, an r= value 
thove 0.25 may be considered as significant 
This value will result in a T value of 2.00 
when tested by the null hypothesis!?. An 1 
value above 0.31 will vield a T value of 2.50 


r more 


Results. A. DIAGNOSTIC VALUE OF THE 
RATIO BETWEEN PROMPT-REACTING AND 
POTAL BILIRUBIN. The evaluation of the 
liagnostic value of the van den Bergh 
reaction, the initial values only were 
considered (Table 1). On the average, 
patients with extrahepatic biliary ob- 
struction had the highest concentration 


rABLE 1. MEAN PROMPT-REACTING 


HEPATO-BILIARY DISEASES 


of both total and prompt-reacting bili- 
rubin, while those with cirrhosis had 
the lowest values. The ratios of the 
prompt-reacting to the total bilirubin 
did not show this characteristic differ- 
ence, although in general the ratios in 
jaundice were considerably — higher 
than in normals. The ratios were similar 
in cirrhosis and infectious hepatitis on 
the one hand, and in toxic hepatitis and 
obstructive jaundice on the other. 

The significance of the difference 
between the means for the prompt- 
reacting and the total bilirubin and the 
prompt/total bilirubin ratio was statis- 
tically expressed by T values (Table 2). 
Some of the differences in the bilirubin 
concentrations mentioned were statis- 
tically significant; such as the differ- 
ence in the total bilirubin between 
cirrhosis and the other forms of jaun- 
dice, and in the prompt reacting bili- 
rubin, between biliary obstruction and 


AND TOTAL SERUM BILIRUBIN AND 


PROMPT/TOTAL BILIRUBIN RATIOS IN 279 JAUNDICED PATIENTS 
AND 31 NORMALS® 


Mean Mean Prompt Mean 
Number Reacting Total Prompt ‘Total 
ot Bilirubin Bilirubin Bilirubin Ratio 
Diagnosis Cases (in mg. c« in mg./100 (in %) 
rmals 3 0.15 0.51 29.41 
rrhosis 1] } }. 34 9.90 38.64 
fectious Hepatitis 4 5.32 14.58 38.96 
Hepatitis 37 6.86 15.48 13.48 
\trahepatic Biliary 
Obstruction S4 8.16 18.72 $3.45 


Initial determinations only. 


ABLE 2. T VALUES FOR DIFFERENCES IN THE MEANS OF THE PROMPT- 
REACTING AND TOTAL SERUM BILIRUBIN AND THE PROMPT/TOTAL 
BILIRUBIN RATIO BETWEEN THE VARIOUS ETIOLOGIC 


FORMS OF 


iy Obstruction—Cirrhosis 

uy Obstruction—Infectious Hepatitis 

iry Obstruction—Toxic Hepatitis 

ctious Hepatitis—Cirrhosis 

c Hepatitis—Cirrhosis 
Hepatitis—Imectious Hepatitis 


JAUNDICE® 


Prompt 

Reacting Total Prompt Total 

Bilirubin Bilirubin Bilirubin Ratio 
4.67 5.60 2.69 
3.20 1.96 43 
0.96 1.15 0.01 
1.33 2.88 0.12 
2.00 2.06 1.79 
1.18 0.28 1.40 


\ T value above 2.00 indicates a significant difference. 
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cirrhosis or infectious hepatitis. How- 
ever, there was no significant difference 
between biliary obstruction and _ toxic 
hepatitis, or between toxic and infec- 
tious hepatitis. The only significant dif- 
ference in the prompt/total bilirubin 
ratio was found between extrahepatic 
biliary obstruction and cirrhosis. 

The prompt/total serum bilirubin 
ratios showed a similar distribution in 
each of the various etiologic forms of 
jaundice (with the exception of the 
hemolytic variety ) with almost half the 
values between 40 and 50% (Fig. 1). 


50; 
CIRRHOSIS 
(159 DETERMINATIONS) 
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to fall. When the total serum. bili- 
rubin was above 40 mg. per 100 cc., the 
prompt/total ratio was again below 404% 
in two-thirds of these cases. 

In 14 cases there was evidence of 
intrahepatic biliary obstruction*! which 
persisted longer than 3 days. Eight had 
toxic hepatitis; 4 infectious hepatitis; 
and 2 cirrhosis. The ratio of the 
prompt-reacting to the total bilirubin 
varied between 25.7 and 53.0% with a 
mean value of 40.9%, a figure which 
does not differ from that of the non- 
obstructive group. 


OBSTRUCTION 
11S DETERMINATIONS) 
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PROMPT/TOTAL 


SERUM BILIRUBIN RATIO 


Fic. 1. Percentage distribution of the prompt/total bilirubin ratio (expressed in %) in 
cirrhosis with jaundice, acute viral and toxic hepatitis and extrahepatic biliary obstruction 


However, when plotted against the 
total serum bilirubin, the ratio between 
the prompt-reacting and total bilirubin 
ranged between 0 and 80% when the 
total bilirubin was below 10 mg. per 
100 cce., with most of the values below 
10% (Fig. 2). When the total bilirubin 
was above this, four-fifths of the values 
were between 30 and 50%. As the level 
of the bilirubin rose, the ratio tended 


In 50 cases, the serum bilirubin 
values were followed until one or both 
fractions returned to normal (Table 3) 
In slightly less than half, the tota 
bilirubin became normal first, while 
the prompt-reacting fraction remaine: 
above 0.3 mg. per 100 cc. At this time 
one-third of them showed persisten 
signs of hepatic damage (malaise, ano 
rexia, tenderness of the liver and ascite 
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BILIRUBIN 


rABLE 3. 


EVIDENCE OF 


PARTITION IN 


CLINICAL AND LABORATORY 
PERSISTENT 


ACTIVITY 


IN 50 CASES OF JAUNDICE FOLLOWED 


UNTIL ONE BOTH BILIRUBIN 
FRACTIONS RETURNED TO NORMAL 
Prompt-Reac ting Still 
Bilirubin Normal Elevated Normal 
Still 
Fotal Bilirubin Elevated Normal Normal 
Number of Cases iS) 23 18 
Percent with Per- 
sistent Clinical 
Findings 17 
Percent with Per- 
sistent Laboratory 
Findings 33 70 50 
54 
$2 J a |e 
So 4 ee 
48 
° 


Serum Bilirubin (Mgm/ /00 ce) 


HEPATO-BILIARY DISEASES 31] 


in the cirrhosis group) and more than 


two-thirds showed abnormal findings in 


2 or more of the following hepatic 


tests: cephalin flocculation, thymol 
turbidity, albumin/globulin ratio, cho- 
lesterol ester ratio, serum alkaline 


phosphatase, urinary urobilinogen de- 
termination and sedimentation rate. In 
the cases in which both fractions be- 
cause normal simultaneously, persistent 
clinical findings and abnormal results in 
the hepatic tests were less often found. 
In the few instances in which the 
prompt-reacting bilirubin became 


e - Cirrhosis 
- Obstruction 
o - Hepatitis 
n-Normals 


— Median Line 


Prompt / Total Ratio (in Percent) 


Correlation between total serum bilirubin and the prompt/total bilirubin 


ratios in 


normals and patients with various hepato-biliary diseases. 
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normal first (less than 0.3 mg. per 100 
cc.) persistence of signs of clinical 
ofan activity and abnormal results in the 
hepatic tests were even less commonly 
encountered. 


0.29 


B. CORRELATION OF THE BILIRUBIN 
FRACTIONS WITH THE PRESENCE O} 
MORPHOLOGIC LIVER CELL DAMAGE. A 
comparison of the histologic picture of 
liver biopsy specimens (some of them 
obtained at a time when jaundice had 
subsided) revealed relation be- 


IN 
SY 


PIONS 
2.26 


DAMAGI 


tween the presence or absence of 
: jaundice and the degree of liver cell 
damage (Table 4). However. when a 
= sufficiently high level of total 
bilirubin was chosen as a_ borderline 
(12 mg. per 100 cc.), the association 
between bilirubinemia and _ liver cell 


FRAC 


LIVER CELL 
LOO ce 
\ 
L.54 


18 
4 


BILIRUBIN 
me 


damage became statistically significant. 
The same was true for the prompt- 
reacting bilirubin where the border- 
line was about 6 mg. per 100 cc. How- 
a ever, there was no borderline of the 

2 prompt/total bilirubin ratio which per- 
mitted the establishment of a_ signifi- 
= cant difference between groups with 
minimal or marked liver cell damage 
These findings were further reflected 
in the correlation coefficient between 
the bilirubin fractions and the presence 
of minimal or marked morphologic 
liver cell damage. Significant correla- 
tions, although not of a high degree. 
were found between both the prompt 
reacting and the total bilirubin and 
morphologic liver cell damage, the for 
mer being somewhat more significant 
(Table 5). No significant correlation 
was found between the presence of 
liver cell damage and the prompt/tota! 
bilirubin ratio 
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16 
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) 
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Serum Bilirubin 
above 2.00 indicates significant correlation 


CORRE! 
PATIENTS WITH MINIMAL 
LOO 


16 
) 
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rABLI 


30 


Discussion. Differences in the tota 


Above 
89 
0.19 


and prompt-reacting bilirubin are of 
little differential diagnostic value 
Onlv in cirrhosis are both less elevate: 
on the average than in the other condi 
o* tions. Thev reflect the stage of th 
condition rather than the etiology « 
the jaundice. In patients with manife: 


26 
value 


\ 


with 
Live 
Cell 


No. of 
Case 


Marked 
TV: 


BILIRUBIN PARTITION IN 

(total serum bilirubin above 
per 100 cc.), the ratio between 
prompt-reacting and indirect bilirubin 
and consequently the ratio between the 
prompt-reacting and indirect bilirubin 


jaundice 
2.0 mg. 


is not significantly different in the 
various hepato-biliary diseases. In a 
large series of cases there is a great 


deal of overlapping of the ratios which 
may not be apparent in smaller groups 
from which the assumption stems that 
ratio significant>. 
Although this study concerns itself with 


such a be 


quantitative values, the same conclu- 


considered for the results 
Bergh 


sions can be 


of the qualitative van den re- 
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persistent elevation of the prompt-re- 
acting fraction above 0.3 mg. per 100 
cc. generally indicates persistent activ- 
itv of the disease process; whereas, re- 
turn of the prompt-reacting fraction to 
normal even with slight elevation of the 
total bilirubin generally indicates sub- 
sidence of the disease. This is in agree- 
ment with the previous findings of 

Capps and Barker', the former having 
suggeste ‘d the investigation of this par- 
ticular relation. in this study. 

The most significant change in the 
bilirubin fractions between 
serum and serum from a 
jaundiced patient (exclusive of hem- 


serum 
normal 


ction olvtic jaundice) is that the ratio of 
rABLE 5. DEGREE OF CORRELATION BETWEEN TOTAL SERUM BILIRUBIN, 
PROMPT-REACTING BILIRUBIN, PROMPT/TOTAL BILIRUBIN RATIO 
AND THE PRESENCE OF MARKED MORPHOLOGIC 
LIVER CELL DAMAGE® 
Mean Value of Cases with Correlation 


Minimal Liver 
Cell Damaue 


Prompt-Reacting Bilirubin 


in mg./ 1.45 
Potal Bilirubin 
in mg./ LOO 11.22 


/Total Bilirubin 


Ratio in 4 


An?! above 0 


Prompt 
12.94 
value 25 is significant 
This conclusion is also supported by 
the lack of correlation between mor- 
phologic cell and the 
ratio between the prompt-reacting and 
total bilirubin in contrast to the 
relations found between liver cell dam- 
the values of the 
prompt-reacting and total bilirubin" 
This study does in no way deny the 
ilue of the ratio in hemolytic jaundice 
ior does it militate against the diag- 
iostic importance of the elevation of 
the prompt-reacting bilirubin before 
that of the total in slight or incipient 


liver damage 


cor- 
absolute 


ige and 


iundice, as has been found in early 
nftectious hepatitis??. In manifest 
the bilirubin partition into 


rompt-reacting and indirect forms is 
value if hemolytic factors are 


rT no 
xcluded. In defervescent jaundice, a 


Marked Liver Coefficient 


Cell Damage (r) 
6.32 0.310 
16.24 0.272 
11.10 —0.104 


prompt-reacting to total bilirubin is 
increased. As jaundice becomes very 
deep, the ratio tends to decrease, al- 
though not to the level of non- 
jaundiced sera. These changes occur 
similarly in both parenchymal and 
obstructive jaundice. Differences in the 
prompt-total bilirubin ratio are, there- 
fore, related to the level of the total 
bilirubin rather than to the disease. 
These findings call for a re-evalua- 
tion of the present concept of the 
pathogenesis of jaundice. Since the 
relation of the bilirubin fractions to 
each other is identical in parenchymal 
and obstructive jaundice, there is no 
reason to assume a difference in the 
mechanism of the bilirubinemia in 
these 2 conditions. Previously, these 
findings might have been explained by 


SCHAFFNER, 
regurgitation breaks in the 
liver cell cords in oustructive jaundice 
and through damaged liver cells in 
parenchymal jaunu.ce". 


through 


However, in- 
terruptions in the continuity ot tae 
liver cell not necessarily 
demonstrable in obstructive jaundice in 
biopsy specimens'* 


cords are 


In fact, histology 
offers no clues as to the mechanism of 
jaundice. The cell are 
usually intact in liver biopsy specimens 
in both obstructive and parenchymal 
jaundice, although in autopsy speci- 


liver cords 


mens the cords may be broken up in 
both Also the fact that 
once jaundice is present, the indirect 
bilirubin rise keeps pace with the rise 
of the prompt-reacting fraction, and 


instances!” 


in high degrees of jaundice may even 
exceed it, is difficult to reconcile with 
simple regurgitation. Furthermore, the 
presence of prompt-reacting bilirubin 
in normal serum cannot be adequately 
explained by the older concept of bile 
pigment metabolism. 

In considering another explanation, 
it should be remembered that an im- 
portant role is ascribed to the Kupfler 
cells in) mammalian bile pigment 
metabolism®:''. The role of the Kupfte 
cell is probably 3-fold. In addition to 
the formation — of indirect 
bilirubin, it picks up indirect bilirubin 
formed reticulo- 
endothelial cells, chiefly in the spleen 
and finally trans- 
mits it to the liver cell for exeretion 
In this process, the bilirubin is changed 
to the prompt-reacting type, as sug- 
gested by Watson**, The amount of 
prompt-reacting bilirubin present in 
normal that in the 
transmission from Kupffer to liver cell, 
some of the bilirubin escapes into the 
bloodstream, either directly or via the 
lymphatics’. 


some 
elsewhere by 


bone marrow. and 


serum suggests 


Early in parenchymal jaundice or 
extrahepatic biliary obstruction, the 
liver cells are unable to accept prompt- 
reacting bilirubin from the Kupffer 
cells because of impairment of either 


POPPER, 


STEIGMANN: 


liver cell function or excretion. There- 
the prompt-reacting bilirubin 
tormed is returned to the bioodstream. 
Difficulty in the transmission of 
bilirubin from the Kupffer cells to the 
liver cells 


tore, 


its accumulation in 
the Kupfler cells, which is seen histo- 


Catlses 
logically. This, in turn, interferes with 
their ability to remove indirect bilirubin 
from the bloodstream and the level of 
this fraction also rises, but to a lesser 
degree than that of the prompt-react- 
ing fraction. As jaundice becomes 
deeper, both the prompt-reacting and 
the total bilirubin rise in almost par 
allel fashion because the Kupffer cells 
take up and transform only a propor 
tional amount of the increased indirect 
bilirubin. In severe degrees of jaundice 
the capacity of the Kupffer cells to 
pick indirect 
bilirubin is probably exceeded (or pos 


up and transform 
sibly diminished due to accumulated 
bile pigment), and thus there is a de- 
crease in the prompt/total bilirubin 


ratio. These considerations obviously 
do not exclude the possibility that re 
gurgitation through the cholangioles 
influence bilirubin 


tor example may 


levels also?’ 

It may finally be pointed out that in 
obstructive jaundice and toxic hepa 
titis, the means of the prompt/total 
bilirubin ratios are higher than in in 
fectious henatitis. This is not due to 
difference in the degree of jaundice, as 
mav be the case with the difference be 
tween biliary obstruction and cirrhosis 
(inflam 
matorv ) reaction, which is marked ii 


Therefore. the mesenchymal 


infectious hepatitis and cirrhosis whe 
compared to toxic hepatitis and biliary 
obstruction", is most likelv responsibl 
for this difference, since it entails in 
creased Kupffer cell activity. 
Summary. The prompt-reacting an 
total bilirubin and the 
prompt/total bilirubin ratio were de 
termined repeatedly in 279 patient 
with jaundice, exclusive of the hem« 
lytic variety, and in 31 controls. Mea 


serum 


BILIRUBIN PARTITION IN 


values were calculated for cirrhosis, 
infectious hepatitis, toxic hepatitis and 
extrahepatic biliary obstruction. The 
absolute values of the bilirubin frac- 
tions and the ratio between them are 
of no value in differentiating medical 
and surgical jaundice. However, eleva- 
tion of the prompt-reacting fraction in 
subsiding jaundice indicates _persist- 
ence of the disease process. 

The amount of prompt-reacting se- 
rum bilirubin was found to depend on 
the degree of jaundice. As jaundice de- 
velops, the prompt-reacting fraction in- 
creases more than the indirect. When 
jaundice is established, both fractions 
rise fairly parallel. When the bilirubin- 
emia exceeds 40 mg. per 100 cc., the 
the indirect 

that of 


fraction is 
the prompt- 


increase -ot 
than 


reacting one. 


greater 


The presence of liver cell damage, 
as seen in 153 liver biopsy specimens, 
showed no correlation with the pres- 
ence or absence of jaundice or the 
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prompt/total bilirubin ratio. A_ slight 
but statistically significant correlation 
was found between the presence of 
liver cell damage and the absolute 
values of the prompt-reacting and total 
bilirubin. 

These findings agree with the 
hypothesis that bilirubin is changed 
from the indirect to the prompt-react- 
ing from in the Kupffer cells and then 
transmitted to the liver cells for excre- 
tion. Some of the prompt-reacting 
bilirubin, not taken up by the liver 
cells, accounts for the small amounts 
normally present in the blood. In 
parenchymal jaundice, the liver cells 
are unable to accept all of the bilirubin 
and in obstructive jaundice they are 
unable to excrete it; in either case, 
resulting return of prompt-react- 
ing bilirubin to the bloodstream and 
the accumulation of bilirubin in the 
Kupffer cells. This accumulation im 
pairs bilirubin uptake and 
quently the indirect bilirubin in 


subse 


creases. 
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Ir has been well established that hazard. Many therapeutic measures 


lead is perhaps the most typical of 
the cumulative 
absorption via any of several possible 
routes (mouth, respire atory tract, skin 
or conjunctiva ), lead establishes depots 
in the bones and the soft The 
dense and the subepiphyseal 
zones of the bone are the y areas 
of greatest accumulation, while of the 
soft tissues, the liver and kidney show 
the largest amounts of stored lead*® 
The laws governing the deposition of 
lead in these sites and its release 
them are similar 
release and deposition. 
iodides, 


yoisons>. Following its 
| 


tissues. 
bone 
body 


trom 


to those for calcium 


Theretore, aci- 


dosis. hormone 


parathyroid 
and other agents which remove calcium 
from the depot sites, also remove lead. 
This parallelism creates a continuous 
potential danger inherent in excessive 
amounts of lead in the depot areas, 
because accidental or incidental mobi- 
lization of lead is credited with the 
periodic acute exacerbations of symp- 
toms in chronic plumbism, sometimes 


precipitated by dietary factors and 
most commonly by the acidosis cre- 
ated by intercurrent infections (such 


as pneumonia and_ others ), 
operations or alcoholism. 
the periodic exposure of 
suffering with chronic plumbism_ to 
these dangers it has become the duty 
of the physician and the toxicologist to 
establish effective therapy for those 
who have become victims of the lead 


surgical 
Because of 


ps ‘TSONS 


* Present address: Los Angeles County Harbor General Hospital 
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have been tried 
the 


\ survey of t the more important con- 


In attempting to cure 
disease 


tributions to this field revealed 3 dis 
tinct methods of approach: a, Depo 
sition of lead in its depot sites without 


10. h. 


its depot areas with sub- 


subsequent deleading deposition 


of lead in 


sequent carefully managed acidosis 


or iodide mobilization from these 


and c, by safe deleading 


without previous therapeutic 
the 


gives 


depo- 
meth- 
only 


Consideration of 
that the first 
symptomatic relief, and the 
the dangers 
accidental mobilization. 
the 


sition' 
ods shows 
second has 
same inherent found in 
This turned ou 
attention to contribu 
tions of Gant? 


mainly 


important 
His work, which was 
v involved with careful establish 
ment of body lead levels in normal and 

lead-intoxicated persons, using irre 
proachable analytical technique, also 
included what we felt to be the 
rational route to the therapy of plumb 


ism. 


most 


Basing his theory on the finding of 
Shelling®, who showed that low-cal 
cium high-phosphorus diets were suc 
cessful in deleading in the rat, an 


that leaded animals improved muc!l 
more on disodium hydrogen phosphat 
than on calcium carbonate, Gant pro 
posed the use of disodium hydroge: 
phosphate (Na,HPO,.7H:O) as 

therapeutic for 


agent plumbism. I 


Torrance, California 
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expanding this theory, Gant advanced 
the following sodium 
“a, It will precipi- 
tate lead in its most insoluble form, the 
tertiary phosphate (Pbs( PO, and 
apparently this occurs to a large extent 
in vivo. b, Absorbed lead, and_ that 
which is unabsorbed in the gastro in- 
testinal tract, is therefore largely detoxi- 
fied. ( 


advantages of 
dibasic phosphate: 


. The slight increase in pH (alka- 
mav mobilize some lead previ- 


uusly de posited in the bones. d, Excess 


sodium ions disturb the calcium bal- 


ance, calcium and lead being drawn 
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These clinical mani- 
checked by determina 
tion of the urinary excretion of lead present 
in a 24-how period, using as a 

for diagnosis of lead exposure the 
set up by Gant: below 80 micrograms per 
liter (SO ugm./L ), normal; 80 to 150 wgm./L 
abnormal exposure; 150 ugm./L, defi- 
nite toxicity when accompanied by clinical 
symptoms. The determinations were made 
polarographically by one of the authors, the 
usual precautions against possible contami- 
nation having rigidly observed in the 
collection of the samples analyzed. Follow- 
ing this confirmation of thé diagnosis of lead 
intoxication, therapy was instituted with dis- 
odium hydrogen phosphate heptahydrate, 


nosis of lead poisoning. 


festations were also 


criterion 


ranges 


abc ve 


been 


ep : given by either the intravenous or oral route, 
trom the tbeculae. Me bilizati normal ‘dietary calcium being maintained to 
detoxification occur simultane- guard against hypocalcemia. The course of 
($0) 
100 
$0 
|. Deleading effect of disodium hydrogen phosphate on a control. (Ordinate in terms 


24-hour urinary lead levels expressed in micrograms of lead per liter, the 


showing the 


diagnostic samples, no medication 


x = sample taken second day of me ‘dication with 15 grains Na,HPO, 


shaded area 


usual limits of normal excretion.) 


t.i.d. 


samples taken 3d and 4th day after cessation of medication 


sly. f, ionized lead is dimin- 
ied by a depression of ionization by 
( phosphate which is known to be 
excellent buffer. g, The salt is also 
good cathartic, thus eliminating the 
e of others.” 
With these postulated advantages in 
nd we undertook a study designed 
evaluate this form of therapy on a 
inical basis. 
rechnique Employed. All patients included 
this study had clinical symptoms, physical 


dings or history pointing toward a diag- 


Free 


the patient's progress was followed closely 
clinically and, in cases, by repeat 
analyses of 24-hour urine specimens during 
the course of the medication. In all cases a 
polarographic determination on the 24-hour 
urine specimen was performed at the end of 
the course of therapy. 


some 


Results. 
cation. 
Case Reports. Case 1. 


A. Patients with lead intoxi- 


A 27-year old male 


complained of anorexia, severe abdominal 
cramps, and constipation of 3 weeks’ dur- 


ation. He had worked in a smelting works as 
a furnace tender for the last 3 years. A 


| 
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Burtonian line noted on_ his 
Chirty-three stippled cells were found in the 
blood smears and a 24-hour urine specimen 
revealed the presence of 500 lead 
per liter. Therapy consisted of 60 grains of 
sodium dibasic phosphate 3 times daily by 
mouth for 15 days. Symptoms disappeared 
shortly atter therapy was started. The 24- 
hour urine specimen obtained at the end of 
therapy showed a lead level of 152 ugm./L. 

2. A 52-year old male complained 


CasE 2. 
of anorexia, nausea, constipation, abdominal 
) 


was gums. 


ugm. of 


cramps and loss of muscular strength for 
weeks. He was a painter by trade. Many 
basophilic stippled ‘cells were found. The 24- 
hour urine specimen revealed the presence 
of 526 wgm. of lead per liter. Therapy con- 
sisted of 60 grains of sodium dibasic phos- 


phate orally 3 times a day for 1 week. 
Symptoms had completely disappeared, 
though the 24-hour urine lead level was 
215ugm./L; therefore treatment was re 
sumed for another week, at the end. of 


which the level had dropped to 138 «gm./L 

Case 3. A 29-vear old male complained of 
anorexia and constipation of 1 month’s dur 
ation. He had been a general labore rina 
smelting works for the last 
nation of the blood smear 
ophilic stippling but did show 1.3% 
locytes. A 24-hour revealed 
the presence of 464 uom. of lead per liter 
Ten grains of sodium dibasic phosphate were 
1 week 
The 24-hour urine lead level dropped from 
164 yugm./L to 170 ugm./L. The 
was asymptomatic at this time 

Case 4. A 45-year old male, who had 
worked as a_ brass 


vears. Exami- 
showed no bas 
reticu- 


urine specimen 


given intravenously 3 times a day for 


patient 


aluminum grinder 
but who had been exposed to the fumes of 
melted lead in the foundry in 
worked, complained of 
cramping pains, anorexia and constipation for 
1 week. A lead line was noted. A moderate 
normochromic anemia basophilic 
stippled cells were present. Five grains of 
sodium dibasic phosphate given 3 
times a day intravenously for 5 days. The 
pain disappeared the 2nd day and_ bowel 
movements returned to normal on the 4th 
day. The 24-hour urine lead level dropped 
from 158 ugm./L to 58 uwom./L. 

A 67-year old com- 
plained of headaches, dizziness, “spots before 
anorexia, abdominal cramps and 
right wrist drop of 2 months’ duration. No 
lead line evident, due to adentia. A 
moderate normochromic anemia and 6 bas- 


and 


which he 


Severe abdominal 


and 63 


were 


CaseE 5. housewife 
her eves,” 


was 


ophilic stippled cells were present. Five 
grains of sodium dibasic phosphate 3 times 
1 day intravenously were given for 5 days. 
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the toxic range to a level below tl 
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The symptoms disappeared but the wrist 


drop persisted. The lead level dropped from 


158.4 before therapy to 73 
atter therapy 
6 \ 24-year old male who had 


worked tor 6 months as a spray painter, com 
plained of 
dominal 


anorexia, nausea, vomiting, ab- 


Cramps headache and muscular 


weakness of weeks’ duration A Bu 
tonian line was present and 21 stippled 
cells were found in the blood smear. Therapy 
consisted of 30 grains of sodium dibasic 


times daily for 5 davs— by 


phosphat 


mouth. His symptoms disappeared by th 


3rd day. The lead levels follows 


we're as 
190 xgm./L before therapy $32 on 
the 2nd day of therapy, 162 «gm. on the 4th 
day ot therapy ind 100 5 days after 


treatment was 
Cask 7. A 


( omple ted 


1S-vear old male i professional 


spray painter for vears complained ot 
TLALISE and SCVOCTE abdominal! 
cramps for one week. No Burtonian lin 


was evident, but a few stippled cells wer 


present Treatment consisted of 60° grains 


sodium dibasic phosphate 3 times per day 
orally for 5 davs. The patient was asympt 
matic by the 4th dav. Lead levels wer 
163. ugm./L_ before therapy 774 

the 4th dav of therapy ind 124 wom. after 


treatment was completed 
Case 8 \ old fem ile 


it ceramic which 


had workes 


involved tl 


12-vear 
decorating 
use of lead pigment paints for 12 vears. Sl 


complained of anorexia, dizziness, const 


pation and peripheral paraesthesias for 


month. No Burtonian line was present Kit 


teen grains of sodium dibasic phosphat 
were administered 3 times daily by mout 
for 7 davs Phe patient was asymptomat 
after the 4th dav of therapy Lead leve 


he tore 
treatment, 


were 128 ugm./I 
the 2nd day of 
after the 


therapy, 159 ug 
and 98 ugi 
completed. 


treatment was 


We were impressed with the valu 
of sodium dibasic phosphate in con 
pletely alleviating the clinical sym 
toms in the above cases of lead into» 
cation. Neither albumin nor abnorn 
microscopic findings were present 
the urine during the course of thera) 
in the above cases. The definite drop 
of the 24-hour urine lead levels from 


considered toxic was demonstrated °n 


every case. However, order 


establish an actual “deleading eff 


PROCTOR, KAHN: 
} control cases were studied and more 
frequent determinations performed 
during the course of sodium dibasic 


phosphate administration. 
B. Controls. 


One of the authors who was com- 
pletely asymptomatic had an original urinary 
lead level of 87.2 ugm./L. He had been a 
pray painter while working his way through 
nedical school 7 vears previous to this deter- 
Fifteen dibasic 
3 times per day orally were ad- 


Case | 


ination grains of sodium 


phosphate 
inistered for 5 days. The lead levels were 


is follows: during the Ist day of therapy, 


152.5 wgm./L; the third day of therapy, 
5.8 uwgm.: and on the 5th dav after ces- 
tion of therapy, 38.2 ~gm. No symptoms 


cre noted at 
the 


any time during the course 


experiment. Urinalysis remained neg- 
Case 2. The wife of the above author was 
and had an original urine 


Medication 


isyimptomati 
d level of 17.5 


> wem /L. 
the above case. On the Ist 


was 


Salhi as in 

ot therapy the lead level was 48.9 
L.. on the 3rd day of therapy, 38.2 
but 5 days after treatment the lead 


Again no 
urinalysis remained neg- 


1 was 10.1 
noted and the 


S\ mptoms 


Case 3. The other author, also asympto- 
tic, had an original lead level of 31 

L.. Treatment was the same as in the 
ve 2 cases. On the 2nd day of treatment 
level 135.6 ugm./L and 4 days 


treatment 9 ugm. Urinalysis 


was 
was 25 

n remained negative. 
rhe the 3 control cases 
ppear to demonstrate adequately: 1, 
hat sodium dibasic phosphate is non- 
vic; 2, ‘that it markedly increases 
ie excretion of lead in the urine (de- 
}; and 3, that during the delead- 
process with markedly increased 
id excretion no symptoms were pro- 


ced. 


results of 


iding 


the University of 


loxicologist at 
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Comment. We realize that this study 
consisted of a relatively small series 
of cases, but we believe that the results 
obtained give adequate basis for the 
belief that sodium dibasic phosphate 
has definite value in the treatment of 
plumbism and merits more extensive 
application and investigation. The sim- 
plicity of administration, the low cost 
and the removal of active and potential 
dangers concurrent with lead intoxi- 
cation by an actual deleading effect 
(see graph) while alleviating symp- 
toms safely, are advantages which 
make it appear superior to any other 
form of therapy thus far available. In 
acute cases it be given intra- 
venously as a 5% solution in 5- to 10- 
grain doses 3 times a day. Chronic 
cases may be treated with 15 grains 
3 times per day orally for a minimum 
of 5 days. Exact dosage has not yet 
been determined, but amounts as high 
as 60 grains orally 3 times a day have 
been given with safety. 

Summary. 1. Eight cases of lead 
intoxication have been presented 
which were treated with sodium di- 
basic phosphate in doses varying from 
15 to 60 grains 3 times a day orally, or 
5 to 10 grains 3 times a day intra- 
venously. 

2. Complete cessation of symptoms 
was noted in every case and the 24- 
hour urine lead level was brought to 
a non-toxic range. 

3. Sodium dibasic phosphate is non- 
toxic and acts as an effective deleading 
agent. 

4. We believe that this form of 
therapy merits further investigation. 
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demiologic method was applied in turn 
to infections of plants and animal 
other than man, because the 
circumstances commonly stood in rela- 
tion to the morbid processes of human 
beings. If communicable 
evidently conformed to biologic laws, if 
these processes could be interpreted in 
terms of medical ecology**, then other 
diseases of population groups presum- 
ably could be approached in similar 
fashion. Gradually, it becomes appare nt 
that the epidemiologic method is ap- 
plicable to most mass diseases of man, 
and to injuries as well, to the extent that 
they represent problems of population 
groups. 

Some diseases as problems of groups 

(321) 


species 


disease so 
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of people are matters of relatively 
recent interest, although long studied 
clinically and by experimental methods. 
Observations on trench foot*# and acci- 
dents**> are examples of epi- 
demiology of trauma, and a start has 
been made in the difficult field of neuro- 
psychiatric disorders. Other mass dis- 
eases of non-communicable nature have 
been more thoroughly explored. As long 
ago as 1924 Haven Emerson wrote 
of diabetes as an epidemiologic phe- 
and the contributions — of 
Joslin®’, and Joslin, Dublin and Marks*! 
the 


Chapin 


nomenon, 
are continued in work of 
Wilkerson!” recognized an 
epidemiology of cancer in 1928°°, to 


recent 


which Greenwood** and others made 


early contributions. and Lombard™! 


and Ryle and Russell!!! 


are currently active. Of diseases other 


and Levin* 
than the infections, none have been 
studied by field methods to greater 
extent than the varied conditions in- 
cluded under nutrition. The origins of 
modern field epidemiology are com- 
monly placed with the observations of 
Panum on measles®*®*, Budd on tvphoid 


fever’? and Snow on cholera'=". That 
is fair enough so far as communicable 
diseases are concerned, but Gold- 


berger*= with his studies on pellagra 
was surely the Panum of nutrition when 
he found the traced the 
course of that disease in the homes of 
people. 

The Epidemiologic Method. Work- 
ers in the communicable diseases have 
long recognized 3 basic 
knowledge of causation 
the ultimate objective being an im- 
proved prevention and control and a 
better clinical management. Informa- 
tion is to be sought from bedside study 
of ihe sick individual. The controlled 
conditions provided by laboratory ex- 


Causes and 


approaches to 
and behavior 


periment are a principal reliance of 
modern medicine. The third general 
method is 


epidemiological, through 
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observation of disease as it occurs under 
natural conditions in whole populations. 
The “patient” in this latter circumstance 
is a group of persons, sometimes many 
thousands, and includes both the sick 
and the well. Comparisons are made ot 
the frequency and kind of disease mani- 
fested by different fractions of that pop- 
ulation, from such simple divisions as 
those of age, race and sex, to the more 
complicated separations by occupa- 


tion. social status, economic. situation 


and many others, all in terms of the 
time and place that disease occurs. The 
usefulness of the epidemiologic method 
is not so well recognized in other fields 
as in the communicable diseases, nor is 
practice so general. It is to be under- 
stood that the epidemiologic method by 
no means is suggested as a substitute 
either for clinical study, which is clearly 
the point of departure in anv investiga- 
tion of disease. or for the experimental 
However, clinical study may 


reach a point of diminishing returns 


method. 


be restricted by 
the limitations of experimental condi 


and experiment may 


tions. This third method, the epidemio 
logic anproach, has many times supple 
mented the other two; and has to its 
credit the out 
standing discoveries in communicabl 


independent some. of 
additio1 
rather than a substitute for other meth 
ods of scientific inquiry. 


and other disease. It is an 


More general use of the epidemio 
logic method is inhibited as much a 
anvthing by a common interpretatio 
of its content as limited to the recogn 
tion of incidence and prevalence, an 
sometimes even those 2 features are not 
differentiated. Together th 
make un an elementary epidemiolog 
as fundamental as the determination + 


clearly 


temperature. pulse and respiration 


‘clinical medicine. A second larger obje 


tive is to use those data in the deriv 
tion relat 


both to origin and behavior. The the: 


of cause: wherein cause 
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ot multiple causation is taken as prin- 
ciple, namely that cause has to do with 
factors within the host and the influ- 
ences of environment as well as with 
the characteristics of a direct inciting 
agent. A third feature of epidemiologic 
procedure is the design of experimental 
field studies, test the 
validity — of observations, 
commonly in further 
evidence to support hypotheses 6f cause 


sometimes to 
laboratory 
more search of 
as derived from naturally occurring dis- 
The analogy with clinical 
methods is evident. Experimental pro- 


ease. close 
cedure is also incorporated. 

The epidemiologic method is char- 
acterized principally by the unit of 
observation, which is a population, 
while in clinical medicine it is a single 
clinical and ex- 
employ 
multiples of persons, but as a summa- 
tion of individual observations, and the 
discipline by which they are examined 
is medical statistics. In epidemiology 
the group is considered as a whole, and 
observations relate to the whole, where 
members are healthy 
ire diseased. 


individual. To be sure, 


perimental techniques also 


some y and some 
The methods further con- 
trast in that one is deductive and the 
ther inductive. The clinician can rarely 
be certain whether or not his patient of 
hild bearing age will have a baby dur- 
ng the year, granting the 
ibsence of pregancy at the start. Not 
nly is the epidemiologist assured that 

s patient will have that experience, 
ut he can estimate with considerable 
ccuracy the number of babies. Some of 
ie patients of the clinician will be 
iabetic and some will not, but the 
pidemiologist, at least in American 
ractice, will expect all of his communi- 
ies to be so, but only to the extent of 
bout 1.3%, It is to the potentialities 
ind accomplishments of the epidemio- 
gic method in nutrition and with 
utritional disease that further dis- 
ussion is directed. 


coming 


+} 
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Nutrition a Fundamental Part of the 
Ecologic Complex. The group prob- 
lems of human nutrition would appear 
especially suited to an e pidemiologic 
approach. They are clearly ecologic, in 
the sense. that ecology is concerned 
with the balance of forces resulting 
from interaction of man with his en- 
vironment, and epidemiology has been 
defined as medical ecology*’, that part 
of ecology which deals with health and 
disease. 

The lines of dependency tor food are 


called food chains'**. Each species, 
including man, is a link in many such 
chains. to the extent that man stands 


at the top of a pyramid of food chains 
that reach to a broad base which is the 
soil, since only plants are able to syn- 
thesize food directly from the raw 
materials of the earth and the air. Be- 
cause of his complex diet man becomes 

link in countless food chains, a part 
of a highly organized structure, where 
functioning depends on cooperation 
and competition of all the diverse links. 
The simpler conditions of a primitive 
existence are complicated by a modern 
civilization where huge urban areas 
produce no part of their food supply, 
and there is a world population that 
has increased from 900,000,000 towards 
the end of the eighteenth century to 
some 2,300,000,000 today**. Years ago, 
in 1798, the gloomy curate Malthus7 
predicted that eventually the popula- 
tion of the world would outstrip its 
food supply. It has always had diffi- 
culties. From 1200 to 1600 A.D. Eng- 


land had a famine about every 15 
vears'®, while in China from 108 B.C. 
to 1911 A.D., 1,823 such events are 


recorded in not far from that number 
of years®*. The Malthusian concept has 
not operated conspicuously in western 
Europe™, largely because of the expan- 
sion of commerce, a developing tech- 
nology and the discovery of empty 
continents, but considered from a long 
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term and world standpoint the con 
cept has done rather well. 

Most problems of health and disease 
may be viewed either in relation to the 
to the 


group relationship has a special  sig- 


individual or community. The 
nificance in nutrition because the causes 
of many disorders are as much socio- 
\ number of 
considerations suggest the usefulness of 
the epidemiologic approach. More often 
than in most fields, the need exists to 
test by field trial the results of experi- 
mental studies from the nutrition lab- 
Again, effect 
of nutrition on populations by direct 
experimental attack is largely imprac- 
tical because of the life span of man, 
and the long years of observation re- 
quired, As a consequence, the sampling 
techniques and the short term observa- 
tions of the epidemiologic method are 
substituted. It often happens that the 
observed physical signs of a nutritional 
disorder in a population are not alone 
due to a simple dietary deficie ney, but 
are strongly influenced and sometimes 
primarily determined by the presence 
ot other disease. 
may be 
culty, 


logical as physiological. 


oratory. assessment of the 


An observed deficiency 
the result of an existing diffi- 
but it may also be no more than 
the residue of one no lotiger present. 
Conditions furthermore change, some- 
times within brief periods and for no 
clearly evident reason, so that periodic 
field surveys with evaluation of cur- 
rently existing conditions are essential 
to sound administrative practice. 
Epidemiology and Nutrition. The 
original correlation between intake of 
food and disease promptly directed 
attention to the groupings of cases that 
occurred in wars, on shipboard, in 
asylums and prisons, and in the more 
ordins ary pursuits of man. This was the 
beginning of an e pide miology of nutri- 
tional diseases which, for such condi- 
old and well 


established as that of smallpox. The 


tions as scurvy, is as 
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original Concern) was of the spectaculal 
epidemics of the time, which rivalled 


those of infectious origin to such 


extent as to engender belief that they 


were indeed communicable processes 


Progressively, clinical observation of 
patients was extended to other family 
members, principally as a means for 
better understanding of the individual 
illness. Scurvy had its epidemiological 
highlights the work ot Lind*™ in the 
British and of Barlow®* in 
the pediatric clinics of London (1883 

When biochemical research eventually 
as the 
direct cause of the a new pre- 
brought to field 


through improved methods of measure- 


Navy (1752 


defined ascorbic acid deficiency 
disease. 
Cision Was studies 
ment, and control measures profited by 


the refinements which characterize 
modern field practice. 
The history of the 


ficiencies is much the 


other vitamin de 
same, with epi 
demiologic activities finding a principal 
Gold 
for xeroph 
thalmia. Takaki! in 


The British contributions to rickets are 


development in the work of 


berger** in pellagra, Mori*‘ 
and beriberi 
an early example among all mass dis 


ease of a thoroughgoing approach to 


etiology in terms of multiple causation 
The observations of those 
of the British Commission in Vienna of 
1923°" and the illus- 
trate field investigations that employed 
laboratory 


modern 


an 
Ferguson 


studies of Mann*™ 
clinical and 
wholly 
ally gave 


methods in 
and addition 
weight to social as well 
phy siological and environmental causes 


fashion, 


Field studies have been used to equal 
extent in appraising population defi 
classical ex 
with the 
observations in France?! 


ciencies in minerals. The 


ample is of iodine, origina 
and in Swit 
zerland'** finding further application it 
defining the areas of endemic goitre i1 
Great Britain’**:"* 


’ 


other countries®:** 


this®? an 
It is without pur 


and in 


pose to list all substances studied, frot 
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cobalt 
in man, except to emphasize the current 


in diseases of sheep to iron*® 


interest that centers around the ele- 
ment fluorine as it bears on dental 
and mottled enamel*°". The 


work in this dental field is one of the 
better ot 
turned to other purposes than the com- 


illustrations epidemiology 
municable diseases. 

The interests just presented deal with 
specific nutritional disorders associated 
with increased or decreased amounts 
ot a particular nutrient, of such extent 
that the change marks a definite depar- 
ture from the values that correspond to 
the physiological state. Under all cir- 
cumstances, an understanding of the 
normal, which is health, is essential to 
in interpretation of disease. The two 
ire not absolute and opposite condi- 
but each with 


sradations of varving moment, and they 


tions relative states, 
nerge one into the other. Many impair- 


ot 


mbraced W ithin health 


absolute disease are 
71d 


ments short 
and disease 
ranges trom inconsequential disorders 
to fatal illness. If disease is any state 
hort of health, then health must be 
defined, whether the situation is that 
if disease of a person or of a popula- 
on. Epidemiology necessarily — has 
ven much consideration to a defini- 
on of the normal as related to its unit 
f study. which is populations ot people. 
\n epidemiology of health*? in contrast 
) the epidemiology of disease is recog- 
ized. In this development, the field of 
itrition has had a leading part through 
irveys of populations having as their 
definition of the normal 
state and the conditions 
cessary for the basic maintenance of 
lth. This that is health or 
rmality, this band of physiological 
iriations that stands for a state of well- 
ing, When defined within reasonable 
nd logical limits, is an essential ad- 
uct in appraising the departures from 
hat value. Such departures may be 


hiective a 


utritional 


base 


doe) 
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conceived as projecting vertically trom 
that base, spike-like as a series of indi- 
vidual specific nutritional diseases, and 
either upward or downward, as some- 
thing is added or withdrawn from the 
ecologic complex that represents nor- 
mality. With equal ease the deviations 
mav be conceived as broad general 
movements from the established base. 
disregarding the individual components 
of specific nutritional disease; thus up- 
ward as obesity and downward as inani- 
tion. 

A third general use of the epidemio- 
logical method is in evaluation of the 
effect of one mass disease in condition- 
ing the reaction of a host population to 
a second. Such relationships are clearly 
recognized in clinical study of the indi- 
vidual patient; to cite examples, the 
effect of diabetes on susceptibility to 
infection, of whooping cough as a pre- 
cursor of tuberculosis, or calcium defi- 
ciency and the frequency of fractures. 
Experimental nutrition directing 
much effort towards determining the 
effect of varying grades of nutritional 
inadequacy and of nutritional disease 


is 


on such conditions as heart disease. 
hypertension, diabetes, cancer and 
many others. The epidemiological 


method has been less used to this end 
and yet it would appear to offer special 
promise in such complicated problems 
as cirrhosis of the liver, and in assess- 
ment of malnutrition as a factor in host 
resistance or susceptibility to a variety 
of diseases. This is the horizontal ap- 
proach in epidemiology, as contrasted 
to the vertical direction of effort within 
the pattern of a single selected disease. 

Criteria for Distinguishing Health 
and Disease of Populations. Accepting 
the premise that distinction between 
health and disease is rarely clear cut, 
that degrees of normality ‘and abnor- 
mality exist, and that the two situations 
tend to shade into each other, their 
separation is seen to involve two con- 
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siderations so tar as it relates to epi- 
demiologic needs and the study of 
population groups. The first is a proper 
identification of the specific abnormal 
events occurring within a population 
group; and secondly that these num- 
bers of events be related to a recog- 
nized standard deemed usual. The first 
consideration is common to. clinical 
medicine and to epidemiology. It pre- 
sents varving degrees of difficultv ac- 
cording to the pathological condition 
at hand. 

In the traumatic disability that fol- 
lows accidental injury, the distinction 
between normal and abnormal is rela- 
tively simple, and yet even here arbi- 
trary decision has to be made on a basis 
of extent of clinical effect or davs lost 
from With | 


diseases the concept of normal is more 


normal activities. many 
complicated, more indefinite, and a fair 
appraisal 
weight in the value attached to the 
ultimate conclusion. With health judged 
according to structure, function and 
physicochemical characteristics of the 
body, 4 general methods are available 
by which to determine that quality. 


The first is complete conformity with 


consequently has greater 


some fixed set of standards, biochemical 
physical or otherwise, as determined 
arbitrarily by competent authority. The 
value of this method is limited by the 
competence of the authority and the 
soundness of his data; also by the rigid- 
itv of the system which is scarcely bio- 
logical. An alternative criterion is that 
of clinical reaction, that the individual 
is well and not handicapped by some 
disturbance manifested by measurable 
svmptoms. Mild indisnositions are rec- 
ognized as lying within the limits of 
A third anproach mav_ be 
termed the arbitrary statistical system. 


normality. 


based on deviation from an established 
normal by a specified amount, in re- 
spect to such characteristics as height, 
weight, and amounts of hemoglobin. 
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The statistical 
acknowledges no pre-determined judg- 
ment, is based on the normal distribu- 
tion curve and accepts a shifting stand- 


ard of normality according to differ- 


non-arbitrary system 


ences in time and place. Those methods 
listed as second and fourth are believed 
to serve best the purposes of epidemio- 
logic inquiry in nutritional disturb- 
ances, and presumably clinical needs as 
well. Under any circumstance the stand- 
ard adopted is to be set forth clearly 
for it affects results and interpretation 
in important degree. 

The second consideration in respect 
to a designation of normal is met by 
initially computing rates of frequency 
of the observed abnormal events for 
the population under study. That popu 
lation may be the total persons within 
the selected universe, or children within 
that population, or such unusual frac 
tions as those suffering from cancer or 
engaged in a particular occupation. Th 
the 
then judged through comparison with 


significance of observed rates is 
an acknowledged standard, a control 
This standard may be found within the 
group observations themselves, through 
comparing one fraction with another 
it may be the existing frequency in a 
ponulation judged to express an ideal 
or satisfactory situation; it may repre 
sent an average of the observed popu 
lation over representative periods; 
it mav correspond to a common level 
based on the known total behavior o! 
the disease as it affects man everywher 
that data 
The decision as to what is to be take 


adequately recorded exist 
as a population normal clearly rests ¢ 
the nature of the question for whic 
en answer is sought and the design 
the experiment to obtain that answe 
The matter will have further attenti: 
when field techniques are consider« 
Disease, like health, is subject to wi: 
and in 
within what is clearly a single entit 


variations in nature behavi 
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lhis is true of most morbid processes. 
lhe range is often from the mildest, 
indefinite response to situations highly 
exacting in death and disability. Some- 
times described as the spectrum of dis- 
ease, the term biologic gradient ot 
believed to express 
appropriately the series of variations 
which together form the composite that 
characterizes a morbid process. Condi- 
tions in nature represent anything but 
the static situation implied by the word 
spectrum; but rather a shifting relation- 
ship, qualitatively and quantitatively 
changing as the biologic forces which 
give rise to them also change; which is 
to say, with the varying totality of 
causation. Diphtheria infection is a 
familiar example of the biologic gradi- 
ent of disease, where the total experi- 
ence within a population includes a 
large component of latent or subclinical 
infection, considerable numbers of a 
that is litthke more than 
imple tonsillitis, a lesser frequency of 
involvement of the 

upper 


disea se more 


disease form 
massive structures 
t the respiratory tract, some- 
mes circumscribed laryngitis or trache- 
itis, to the ultimate in reaction which is 
ulminating hemorrhagic diphtheria of 
ipid evolution and highly fatal course. 
some of these clinical responses differ 
) greatly from the usual as to suggest 
i independent disease entity, but all 
re part of a single process. 
Definition of the biologic gradient, 
hatever the disease under considera- 
on, is an essential part of epidemio- 
gic analysis. Through quantitating the 
ctors active in one form of the disease, 
id comparing them with those of an- 
ther, information is often to be had 
| the causes that act in the total proc- 
s. The presence of a factor in the 
‘consequential forms of a disease and 
ts absence in malignant manifestations 
av be the key to a vital factor in 
\usation. 


For some diseases a biologic gradient 
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constructed with relative ease. 
For nutritional diseases associated with 
lack of adequate amounts of a particu- 


can be 


lar nutrient, 4 divisions”” serve satistac- 
torily. The ‘vy Corre spond 1, to a state of 
unsaturation of tissues but of such 


degree as to produce no functional 


impairment; 2, a potential deficiency 
approaching pathologic levels; 3, latent 
deficiency disease, of minor degree and 
short of clear clinical assessment; and 
finally 4, manifest deficiency disease. 
The problem of a gradient is not so 
simple with such nutritional disorders 
as obesity”, or the opposite situation, 
i.e., inanition! but the 
great and is equal promise of 
epidemiological return. The construc- 
tion of the gradient is more than a 
matter of including those slight abnor- 
malities to be recognized through 
methods for earlier or improved diag- 
because the range’ 
commonly 
changes never 


need is as 
there 


nosis, of disease 
extends — into 
perceptible by clinical 
For their recognition —bio- 
and other procedures are 
necessary, as in diphtheria, where 
immunological serological tech- 
niques alone define the important part 
of the gradient represented by latent 
infection. 

Multiple Causation of Mass Disease. 
Writing recently on the etiology of 
the deficiency ‘diseases of nutrition, 
Kruse! brings out the paramount posi- 
tion occupied by diet, stating that since 
1910 the prevailing doctrine has been 
faulty diet as the sole cause. The situ- 
ation has a parallel in the attitude 
towards infection that existed a quarter 
century ago, and to an extent still pre- 
vails. In the flush of fresh discovery, 
the infectious agent dominated all 
thought in infection, and in turn the 
vitamins and the other nutrients in 
nutrition. 


pr CESSES 


methods. 
chemical 


As Bayne-Jones'® and many others 


have stated for infection and Kruse?! 


| 


PROGRESS O1 

for nutrition, a realization gradually 
took form that disease was no longet 
being studied, but rather parts of a 
disease; that too frequently the parts 
were taken to be the principal phenom- 
that 
about the agent of disease, the main 


enon; in pursuit of knowledge 
objective was being lost. In both fields 
the beliet 
return to first principles, to study dis- 


was voiced of a need to 


ease instead of its parts and to search 
also for cause in factors that lie in other 
directions than the agent which directly 
starts the process. 

Increasingly, infections have come to 
be interpreted as ecologic phenomena* 
the result of an interaction between a 
direct agent of disease, an infected host 
the both 
live. Cause as it relates to the origin and 


and environment in which 


course of communicable disease in 
population groups has been demon- 
strated to rest regularly in all three 
elements, although in varying degree 
according to individual circumstances 
and often with one or other dominant. 
From this it follows that similar disease 
processes may arise from dissimilar 
causes, of which the agent is but one. 


Winslow 


expressed this when he spoke 
of the tubercle bacillus as not the cause 
ot tuberculosis, but one of the causes. 
\s other mass diseases were submitted 
to epidemiologic analysis, the same gen- 
eral plan for an identification of cause 
was tound to apply. Reason suggests 
that nutritional disorders of groups of 
people can be interpreted to advantage 
according to the same holistic pattern, 
where three elements form the ecologic 
complex from which disease results. 
The recognized agents of disease in- 
clude substances of physical, chemical 
or biologic nature; in nutrition, prin- 
cipally chemical. Their effect is some- 
times through excess amounts and 
sometimes through a deficiency, with 
the result that disease is to be recog- 
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nized as cither a positive or a negative 
phenomenon 

The host factor contributes to causa 
tion first through inherent charactet 
istics which are variously anatomic o1 
physiologic, genetic o1 developmental 
in respect to age, race, sex and others 


The 


with the period of growth® 


special susceptibility associated 
is outstand 
ing. Acquired host characteristics Come 
into play through metabolic and ana 
tomic changes from other disease proc 
esses, that range from the infections t 


neoplasms, trom psvchosomatic and 


other mental disease to include even 


More 


and phy sical adaptations ot people con 


fractures. general biochemical! 
sidered as groups are called forth by 
the impact of environment, of whic! 
the current aging of populations is al 
increasingly significant host factor 

For the reason that problems of nutri 
tion and of food supplies are so inti 
mately a part of the broader ecologi 
svstem that governs the life and weltar 
of man, it is understandable that en 
vironment®! has an important. part 
in the genesis of nutritional disorders 
The practical approach to analysis o! 
environment factors in disease causa 
tion is furthered by separating its man 
features into 3 broad categories: the 
physical environment, the biologic ar 
the social, the latter having to do wit 
those features originating in the ass 
ciation of man with his fellow man 

For practical application in the fiel 
the scheme presented is enlarged 
advantage through appropriate 
divisions but this simpler form ser\ 
to demonstrate principle. The idea 
an ecologic concept of mass disea 
holistic in nature, is not new in this 


fields. 


1866 that the conditions required 


other Roussel!®S recognized 
production of nutritional disease w 
both dietary and non-dietary. an ic 
not unexpected, for that was the per 


that man first began to think ecolo 
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cally \MicCarrison™ furthered these 
views in 1921 with detailed considera- 
of that both 


inherent and acquired, and of environ- 


tion host tactors were 
ment in respect to its physical, biologi- 
components. 
essence the Viewpoint developed by 
Platt!’', Kruse*'¢ and a of 


others in publications of the dav. 


cal and social is in 


number 


To understand disease as the result- 
int of ecologic torces within a dynamic 
system made up of an agent of disease, 
i host and an environment, is to sim- 
plify the definition of Under 
varving circumstances an outbreak of 


cause, 


nutritional disease may be due to a true 
deficiency of the diet or it may occur 
in the presence of an adequate diet 
vhich the host is unable to assimilate 
md utilize because of a peculiar con- 
stitution other endemic 
By contrast the chief factor in 
tusation may be a biologic factor of 


arising trom 


ase 


the environment, an epidemic among 
lants or animals, with a resulting effect 
n the food supply. It may be prin- 
pally related to the social environ- 
ent influ- 

cence, or in relation to crowding, housing 
r inadequate transport. Each problem 

nutritional disease in a community 
nds to be individual. Potentially all 
elements of host, agent and environ- 
ent 
only one more than the others, but 
rely any one alone. To distinguish 

‘s, conditions and factors and to 

‘erentiate contributing, inciting and 
cipitating influences, appears unnec- 
complication. 

Many parts enter into the fabric of 
se and they are of decidedly differ- 
nature. They have relative weight 
t must be quantitated. So quanti- 
d, the independent variables are 
ited and assessed in relation to the 
erved total effect. This approach 
ild seem to have promise in equal- 


commonly an economic 


are concerned in causation, com- 


the emphasis so long placed on 


AND EPIDEMIOLOGY 


dietary influences, on the agent of dis- 
ease. It should aid in integrating mutri- 
tional disorders into the general medi- 
cal and social interests of Communities, 
rather than to consider them as things 
individual and set apart. The specific 
epidemiologic interests to which atten- 
tion is now directed are presented from 
this point of view. 

Epidemiologic Method in Practice. 
The basic pattern by which the epi- 
demiologic method is turned to practi- 
cal in communicable and other 
disease would seem to hold equally for 
It 


the nature and 


use 


nutritional disorders. involves, in 
order, a definition of 
extent of the problem; a search for fac- 
tors of causation. of the disease and its 
distributions, through study in nature 
as populations are aflected: formulation 
of principles for a program of control, 
these based on demonstrated cause and 
directed towards death, defect and dis- 
abilitv: and finally, field or statistical 
analysis of results from control meas- 
ures. 

The epidemiologic method is thus 
seen as an instrument for the study of 
disease, and also as a medium by which 
the scientific method is applied to pub- 
lic health. Illustrations from field experi- 
ence are preferred to didactic discus- 
sion turther elaboration of | this 
program for practice. Examples will be 
cited from each of the three broad fields 
of interest already stated. As a conse- 
quence the present purpose is served 
by presenting a few principles that 
bear on the parts of the procedure. 

As for the first, the definition of the 
problem, the chiet requisite is a clear 


statement of what information is sought, 
what question is to be answered, The 
limits of normality and the pattern of 
disease are to be learned. Incidence or 
prevalence in time and place, by popu- 
lation fractions, and by environmental 
factors are determined in terms of 
death, defect or simple disability. 


il 
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Through comparing observed dis- 
tributions as they relate 
and to the known behavior of the ai 
sease under study and of other a 


drawn and ¢ 


to each othe 


inferences are 
dence sought by further fie ‘Id arti O1 
by experiment in support of an hypoth- 
Cause is a concern first 


as well, 


esis ot cause. 
of origin and secondly of the course the 
disease takes in its movements through 
a population. Acceptance of the doc- 
trine of multiple causation requires a 
search for causative factors in the whole 
ot the 


is determineu, which is to say in re spect 


ecologic triad by which disease 


to the inciting agent, the host popula- 
tion involved and the environment in 
which both are placed. 
Principles designed to govern a pro- 
gram for control depend first upon 
statistical or other determination of the 
relative significance of multiple causes 
demonstrated. 
on the availability or 
ment of pri actical measures for preven- 
neutralization of those 
procedures by which control is 
sought, and the administrative 
of the program are 
tions of public health practice. 
The evaluation of 
from a program of control is accom- 
plished by comparative and_ periodic 
studies; statistical analy- 
sis of reported data, often by field study 


They de spe nd secondly 
possible deve lop- 


tion or 


The 


causes 


conduct 
conceived as func- 


results derived 


sometimes by 


because data are not available. and 
sometimes by both. The nature of the 
epidemiologic method requires gen- 
eralizations from a mass of data. The 


generalizations may be wrong or the 
program of prevention erected on a 
false premise, or the prescribed means 
for control faultily executed. 
need to review accomplishment and 
appraise results. 

The ultimate value derived from a 
field investigation of disease is believed 
to depend on an appreciation of the 
objectives just stated, on the design of 


There is 
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the study to accomplish them, and on 
the technical competence with which 
the work is there 
proper selection of controls, the choice 
and for ap 


done. is need to 


of an adequate sample, 
praisal ot field methods of measurement 
including how well a tactor may be 
measured as well as what and what not 
‘Some of the details that 


considerations will be 


to measure, 
bear on these 


sought through review of current and 


older field activities in nutrition and 
nutritional diseases. 
Field Activities in Nutrition. The 


purpose now is to outline varieties ot 


tielu study used in nutrition, to compar 
methods of approach and techniques 


with current practice in other mass 


disease, and to suggest opportunities 
for a closer relationship between field 
studies in nutrition and the general 
problems of public health. No diseas« 
lives wholly by itself in this world. In 
varving degree ¢ ‘ach impinges on th 
other and of the dozen or so cate gories 
in which preventable conditions may 
those of the 


disorders and the neuropsychiatric dlis 


be grouped nutritional! 
turbances are judged to have the most 
pronounced influence on mass diseas 
The remarkable 


during 


in general. gains il 


knowledge recent years hav: 


been incentive enough for workers 

center effort on the specific problems o! 
nutrition and so far as field studies ar 
concerned “most published results ot 
that the 


pose was to discover deficiences of vita 


nutrition survevs indicate pu 


mins *’. An extension of field activiti: 
to broader epidemiologic interests coi 
to the 
nutrition and of public health general! 

The 
by nutritionists, is a generic expressi¢ 
for all field study, 


epidemiologist would recognize as fic 


ceivably would be advantage « 


term nutrition survey, as ust 


of which t!] 


some 


All involve c 
lection of data in the field. 


surveys and some not. 
There ar 


general categories. 
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Case finding is the simplest of all 
epidemiologic procedures and much 
Recently 
it has been enlarged to include con- 
trolled trial and evaluation of treatment 


used in nutritional diseases. 


by specific nutrients’!, of persons dlis- 


covered by the to have nutri- 


The pattern of pro- 


survey 
tional deficiency. 
cedure 
with the usual epidemiologic approach 
to syphilis. The purpose is to find cases 
uid bring them to treatment. Observa- 
limit of 
involve no specific selection of groups 


tions are without time and 
for study, nor comparison with control 


or other groups. Groups of persons 
indged by clinical or other evidence to 
affected are the 


be more than usually 


usual choice for study. 

The field survey in the epidemiologic 
ense is the examination of selected 
unples of population within a pre- 
cribed with the pur- 
pose of determining quantitativelv the 


frequency of 


and limited time, 
cases of a dis- 
short term, 
ection, prevalence study. It commonly 


existing 
ise. This is the CTrOss- 
volves comparison of observed results 


vith similar situations in other popu- 
tion groups, or with an accepted 
ormal. The usual object is to deter- 
ine Whether the population being 
tudied lies within the limits of 


pted normality for the 


ac- 
index disease. 
limits, or lies below. 

most common application is in 
ervation of the general nutritional 
e. in direct appraisal of degrees ot 
inition but conceivably also in assess- 


exceeds those 


it of obesity. It applies as well to 
ecific nutritional deficiency disease. 
usual purpose is to learn the 


juirements for a better program of 
ling. It is much used. 

\ somewhat different procedure also 
iitifies affected members of a popu- 
m sample, but has as its objective 
the determination of the existing 
| frequency, but estimation of the 


is thus a complete analogy 
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rate at which new cases appear, within 
successive periods of time, commonly 
vears. This is the long term _ inci- 
dence study and combination with 
prevalence determination serves to 
determine the dynamic behavior of a 
Tec thnically, epidemiology rec- 
ognizes this study of incidence as the 
field review, in contrast to the short 
study which is the 
In nutrition, incidence in 
terms of cases, or morbidity, has been 
a rare objective of field procedures, and 
such as exists commonly 
mortality, through use of 
demographic data. 


disease. 


term prevalence 
field survey. 


information 
relates to 


The techniques of field observation 
have also been used to good purpose 
in nutrition for what may be termed 
administrative purposes, as contrasted 
to the direct study of disease. Data for 
groups of persons and for populations 
have been assembled in respect to food 
production and food supplies, dietary 
practices, food consumption and avail- 
able services for meeting the nutritional 
needs of populations. They have been 
used as a means for determining results 
of public health education and the 
level of general knowledge about nutri- 
tion. From what has been said of mul- 
tiple causation, studies of this nature 

also to definition of the 

factors that lie within the 
social environment, although the direct 
objective was improvement of the pro- 
gram for control. 

Some of the finest accomplishments 
in the field have been in the investiga- 
tion of individual nutritional diseases, 
with the purpose of defining causes of 
origin. and direction and extent of 
spread, as mass disease phenomena. 
Scurvy has been mentioned as a clas- 
sical example, pellagra will be pre- 
sented shortly as a pattern of study, and 
there many others. This fruitful 
interest is capable now of much en- 
largement, as laboratory methods are 


contribute 
causative 


are 
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increasingly incorporated in field pro- 
cedure and as the part of the social 
sciences becomes more clearly demon- 
strated. 

\ final interest among field activities 
is a better understanding of the rela- 
tion of nutritional disease and the nutri- 
tional state to other mass disease. This 
is seen as distinct from studies which 
relate these conditions to the general 
health of communities, as described in 
the second and third paragraphs above. 
The problem has 2 parts, first the effect 
nutritional entities have on the charac- 
ter and course of the particular commu- 
nitv disease, and secondly the effect of 
that disease on the nutritional situa- 
tion; as specific examples, the part of 
community nutrition in determining the 
frequency of diabetes and the role of 
tuberculosis in determining the nutri- 
tional state of populations. These in- 
terests actively engage the attention 
of many from the clinical and experi- 
mental viewpoints**:'**; but the tech- 
niques of epidemiology, which appear 
specially suited to the purpose, are 
little used. 

Techniques of Field Study in Nutri- 
tion. Although field methods are now 
used in the study of many community 
diseases, in no instance have they been 
so well summarized or made so readi- 
ly available as for nutrition. The com- 
municable diseases provide classical 
illustrations of field method applied to 
specific problems, and they bring out 
principle. but no single source com- 
parable to those now to be listed ade- 
quatelv catalogs available procedures 
and offers critical appraisal of their 
worth. The 1939 publication of Big- 
wood from the League of Nations!” 
presents method and principle compre- 
hensively and from a world point of 
view. A number of others may be con- 
sulted to advantage”®!™. A bulletin of 
the National Research Council*® of 
recent months presents American prac- 
tice critically and in detail. Successive 


sections are devoted to objectives of 
nutritional surveys, dietary surveys 
chemical tests and their interpreta- 
tion, clinical diagnosis in nutrition 
surveys and the part that surveys 
have in community nutrition programs 
in the training of nutritionists and 
in the work of health departments 
So adequately does it fulfil its 
purpose in presenting techniques and 
the value of nutritional surveys, that 
discussion here is limited to a_ few 
epidemiological — considerations. This 
monograph should be consulted for de 
tail and for further guidance through 
its extensive and up to date bibliog 
raphy. 

Epidemiologic study of disease it 
the field makes use of 3 principal SCI 
entific disciplines, those of clinical 
medicine. of the laboratory and_ ot 
biostatistics. This holds equally as the 
method is applied to nutritional cis 
eases. An understanding of humai 
nutritional requirements was first ap 
proached through studies of the diets 
of persons In apparent good health! 
the dietary survey. As interests wer 
extended to the characteristics of diet 
that resulted in disease, clinical meth 
ods*” were required to identify th 
parts of populations affected and 
separate those with similar conditio1 
of other origin. As biochemical know 
edge of nutrients became available 
was promptly turned to field invest 
gations, either as independent projects 
in evaluation of diets and their effect 
on the human host, or more often 
useful additions to the existing fie 
methods. 

Although 3 lines of development a 
recognized in field studies in nutritic 
the present tendency, as in the cor 
municable diseases, is to conceive fic 
investigation as a team effort, maki 
use of a variety of scientific disciplir 
and combining all 3 approaches. This 
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, largely because no one has satisfied 
all requirements**. 

The medical nutritional 
limited by absence of 


survey is 
any single 
pathognomonic physical sign of specific 
nutritional deficiency®’. The interpre- 
tation of clinical findings in an individ- 
ual patient requires careful differential 
diagnosis', commonly through aid of 
laboratory tests. Judged in respect to 
the group, ‘the medical survey has little 
value unless related to the total en- 
vironment of the population under 
study™!, 

\s a field procedure applied to ap- 
preciable numbers of persons, the die- 
tarv survey has the virtue of simplicity, 
but at best provides a rough index of 
food intake and of nutrients 

ided®*>'?8, There is no agreement on 
the number of days of observation re- 
quired for reliable results; 
factors as seasonal 


and such 
variations and 
changing income introduce important 
iriables. 

Biochemical evaluation of nutritional 
status includes in some instances tests 
which indicate previous dietary intake 
of nutrients, methods for estimating 

turation or depletion of bodily stores 

certain chemical 
tests 


substances, and 
which measure the 
tabolically active forms of dietary 
essentials and the abnormalities which 
ur in deficiency disease**. The prac- 

il difficulty lies in the common lack 
orrelation between biochemical and 
ical measurements. This has been 
experience in some of the most 
efully conducted studies of recent 
rs'* Some of the reasons for the 
erved irregularities have been dis- 
ed by Sinclair'?°, Pett et al.® and 
bv**, and most recently by Putnam 
1°? Tt is not surprising under the 
imstances, that emphasis has been 
ed on the combined type of nutri- 
al survey in an endeavor to acquire 
iter precision. Excellent examples 


there are 


pro- 


within recent times are those of You- 
mans and his and 
contributions by the group working 
with Milam***°. 

The nutritional survey has had wide 
application to a variety of population 
groups. Some observations relate to 
normal general populations™, but more 
often to school children*®. Selected in- 
dustries have been studied'*; inmates 
of institutions’?; troops in the field® 
and such racial groups as African Negro 
children®®. Other study groups have 
been drawn from hospital surgical pa- 
patients with diabetes®*, and 
normal pregnant women" Since 
the purpose of a nutritional survey com- 
monly requires selected populations, it 
is clearly necessary to state the basis 
for the selection and to define the 
group studied. The nature of many 
populations makes avoidance of a 
biased sample difficult, but the fre- 
quency of this fault in field nutritional 
studies suggests also a lack of familiar- 
ity with the principles of sampling now 
available in a number of manuals*'. 
Muench** and Putnam et al.!°? have 
given attention to the matter as it re- 
lates to nutrition, and the British studies 
on hemoglobin*' are especially infor- 
mative of measures to be taken to as- 
sure adequacy of sampling. 

Nutritional Status of Populations. 
The three principal interests of field 
activities in nutrition have been stated 
as the assessment of the nutritional 
status of populations, the study of 
specific nutritional diseases, and meas- 
urement of the influence of nutrition 
on other mass disease. The first is im- 
portant because it provides the defini- 
tion of a normal upon which depends 
the direction of effort in the other two 
fields. It aims further at an interpreta- 
tion of inanition and malnutrition. The 
problem would seem simple enough; 
first to determine a normal, and what- 
ever lies below that is malnutrition. 


\ 
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Phe principal difficulty lies in assess 
ing a normal!'!”, In the first place, there 
is every reason to believe that the 
healthy individual can adjust to a wide 
range in dietary intake. Beyond that 
the lesser signs of deficiency disease 
may be expected to appear. By reason 
of evidence already presented, the 
determination of the range of normality 
is further complicated by lack of good 
correlation between clinical and bio 
reliable 
concept of malnutrition is intimately 


chemical observations. Any 
associated with the methods and cri 
teria of evaluation. The result has been 
a variety of standards based on food 
intake, on disturbances of metabolism 
and height-weight relationships 
Various attempts have been made to 
bring forth acceptable standards''*. If 
the answer is to be found in terms of 
nutritional characteristics, that is a con- 
tinuing obligation of students of nutri 
tion. The added possibility exists that 
the answer is in another kind of meas 
urement, wholly outside 
standards. 


nutritional 


\ second difficulty in evaluating the 
nutritional status of populations rests 
in the unsatisfactory definition of a 
biologic gradient for most nutritional 
conditions. As with disease in general 
it is the lesser degrees of disability 
that give most trouble, the slight devia- 
tions from normal which also are more 
frequent than full-blown manifesta- 
tions**. In practice, differences in de- 
gree are often distinguished by such 
unsatisfactory comparative terms as 
good, unsatisfactory and bad. and all 
undefined. Some gain in differentiation 
is made by using “No abnormality de- 
tected”, “Requiring medical and nurs- 
ing care’, or “Requiring hospital care”. 
There is general need for a clear des- 
cription of pathologic differences, com- 
parable to those used in diphtheria. 

\ review of nutritional surveys sug- 
gests the benefit to be had from prin- 
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ciples well devoloped in the study « 
mass disease generally. The epidemio 
ogist commonly places much weig! 
on time-place-person relationships, wit 
the result that he = is commonly di 
tressed by the generalizations mac 

nutritional survevs on. the basis 

single examinations. That conditions 
food intake and availability of food su] 
plies vary with season is not unappr 
ciated in nutrition 
ferences have been demonstrated 
the nutritional state of identical popul 
tions as determined in autumn a 
spring. Place would appear an equ 
ly important consideration, for Johns« 
and Kark®? have demonstrated nut 
tional requirements in tropical areas t 
differ materially from those of temp 
ate zones and those of the Arctic 

of still another order' 
that children during the period 

growth are most susceptible to nut 
tional inadequacies that  simil 
effects are shown during pregnancy ai 
lactation is sufficient indication that t 
nutritional requirements of 
tion are significantly affected by difl 
ences in age composition. Systemat 
study of selected nutritive disorders 
the same population under varving « 
vironmental conditions, where envir 
ment is broadly interpreted in its phy 


cal, biologic social components 


might well contribute to better un 
standing of the normal nutritional st 

More universal use of some of 
technical refinements of the epic 
ologic method could also contribut 
results from nutritional surveys. KR 
of prevalence and of incidence are « 
monly used together in determining 
dynamics of mass disease of poy 
tions. This procedure is particul 
useful in diseases of slow develop: 
and long persistence, the two va 
‘often being widely divergent. An alt 
frequency of attack commonly brin 
change in this relationship. Incid 


and material dil 


‘| he 1] 


a popula 
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s expectedly high in an evolving pro 


css ( arly in epidemics, sometimes 


closely approximating prevalence. In 


period ot decline, incidence may be 


ow or almost negligible, and yet prev- 
excess ol 


field 


rates ol 


level tar in 
Nutritional 
compare 


lence is 


normal expectancy. 


studies commonly 


prevalence determined at intervals, but 


the combined indices are not so fre- 


juently used as in the communicable 


LSCAaASES 
is found in the 


Increasing reference 


iterature of nutritional survevs to the 
eed of an analyst. The 


vould appeal to be a 


greater need 


“synthesist™ Too 
organized on the 
premise of collecting all possible data 
pertaining to the then 


ling in a statistician to find out what 


Surveys are 


situation, and 


s been discovered. The basic need is 
proper design of experiment before 
first to state clearly 
ie question to be answered and second 


perations begin, 
to develop a planned procedure to ac- 
mplish that objective. The required 
than mathematics, 


assuredly more than retrospective 


ll involves 
A | 


more 


uring 
\ third fundamental in anv survey of 
preciable extent is a pilot investiga- 


in designed to test the efficiency of 


thods and the inclusiveness of the 
kinds of data sought. 
Some of the difficulties in determin- 


i normal state of nutrition conceiv- 
could be solved by demonstration 

1 means of measurement that lies 
ide strictly nutritional character- 
in Objective test of function in 
tion to food intake. This would be 
t of what a community could do on 
irticular dietary regimen, rather 
what the regimen is or the mark it 
es on a population as signs of dis- 
Indices that might be explored 
resistance to selected infections, 


| on demographic data**, on eco- 


( productiveness where exception- 
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al correlation has been demonstrated in 
instance™, or on general 
mortality. The 


techniques of the social sciences might 


at least one 
morbidity and newel 
provide a quantitative evaluation of the 
decreased efficiency of populations 
which was suggeste d so strongly as an 
aftermath of nutritional difficulties in 
Holland and Belgium at the close ot 
\ particular study of 
the moment is directed towards ap- 
praising obesity among employees of 
a large industry, where overweight is 
being correlated with absenteeism, the 


the recent war?". 


prevalence of accidents and adminis- 
trative efficiency ratings. 

Epidemiology of Pellagra. The epi- 
demiologic approach to an individual 
disease, forth as 
the vertical direction of effort, provides 
The 
oldest is based on medical geography, 
with an examination of the behavior of 
in time and place by the 
methods of historical and ge ographical 
pathology”*. Under other circumstances 
the start is in the experimental labora- 
torv with the results of biochemical or 
other investigations transferred to the 
field for practical test in relation to 
populations of people®*. The statistical 
approach makes use of demographic 
data on reported cases and deaths, and. 
again using the fundamental concept of 
time, place and person relationships, 
seeks to determine the relative weight 
of apparent causes*. Finally there is the 
field method of study! , the most direct 
and individual epidemiology, by 
which the causes of disease in popula- 
tion units are sought through observa- 
tions in nature according to a designed 
plan. Because pellagra so well fits the 
present purpose of illustrating method, 
it is selected as the disease to be con- 
sidered and the historical-geographic 
approach is emphasized, although all 
4 procedures are seen to have entered 
into the developing fabric of knowl- 


which has been set 


a choice of 4 general procedures. 


a disease 
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edge, as they usually do, and any one ot 
a “number “of nutritional conditions 
might have been chosen to equal ad- 
vantage. 

Knowledge of Pellagra in 1900. 
Pellagra was first reported*® in the 
United States in 1864. The first serious 
outbreak'!® was in 1905. By the time 
pellagra became a conspicuous public 
health problem in America*® early in 
the twentieth century, considerable in- 
formation had already accumulated, 
this despite the fact that it clearly was 
no old and long established disease in 
the sense of leprosy, mumps, typhoid 
fever and many others. Casal had first 
observed pellagra in Spain about 1730 
and described!’ it as a disease of rela- 
tively recent evolution. World experi- 
ence substantiated that opinion, for 
even in regions that became heavily 
affected as in Italy*’, there was no pre- 
vious record of its occurrence. The in- 
ference reasonably followed that it was 
due to some recently introduced factor. 

The physical environment was seem- 
ingly concerned because the disease 
was restricted to latitudes of 42° to 
46° N. and its epidemic manifestations 
were those of a spring time disease. 
The irregular occurrence of pellagra 
within this zone pointed to the proba- 
bility that it developed from causes that 
acted locally; and that these could not 
be matters of climate, weather or the 
soil, for they had always been present 
while the disease had not. Furthermore. 
similar conditions characterized regions 
where pellagra was not seen. | 

The influence of the social compon- 
ent of the environment was marked by 
the common association with poverty, 
and the greater frequency in rural than 
urban communities. While pellagra was 
regularly connected with the poorest 
parts of a population, actual conditions 
were often no worse than in regions 
that were without pellagra. It was 
never possible to relate notable social 
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changes with the introduction of the 
disease. In Italy the better parts of the 
country, Lombardi and Venezia, were 
most heavily affected. Poverty alon 
evidently was not the deciding issue. 
A host factor was manifest in the 
disproportionate attack rates between 
men and the extent t 
which incidence centered in the olde: 


women and 
age groups. 

There was firm opinion and a goodly 
amount of evidence about the direct 
agent. It had something to do with 
poor food and was generally believed 
related to maize. One important obser 
vation was that pellagra had not been 
known in Europe before the introduc 
tion of maize in Italy about the middle 
of the 16th century. Pellagra was no 
community health concern unless corn 
was an important part of the common 
dietary. In France a change in agricul 
ture by which the cultivation of 
other grains was substituted for maiz 
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had led to disappearance of pellagra 
The case for maize as the agent of th 
disease was good, and yet some of the 
evidence was against that hypothesis 
The maize zone of the world was wid 
and the distributions of pellagra cir- 
The 


pear until many vears after maize was 


cumscribed. disease did not ap- 


introduced, commonly two or mort 


generations, but this could be explained 
by the time required for its use to be- 
come general and appreciable. The 
that where 
general food were ¢ 


sporadic cases occurred 
and recourse was 


maize was not a 
ficult to explain; 
either to interpret them as errors in 
diagnosis or to recognize another cis- 
ease entity, with the result that eve 

ally an extensive literature developed 
in the minds of some that maize was 
the whole answer. Other grains or ot/e! 
dietary factors might be involved. 01 
the cause might even be non-diet:ry. 
but in general the search was for the 
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the mechanism 
which corn caused pellagra. 
The Agent of Disease. Acting on the 


liypothesis that pellagra was due to an 


specific agent, o1 by 


exclusive or preponderant diet of maize, 
limited nutritive values was clearly not 


the answer. Pellagra does not follow 
from too little food, although other 
symptoms may. Pellagrins often look 


well fed. Other populations subsist on 
. diet principally of rice or potato that 
is no better in terms of calories, and vet 
they do not suffer from pellagra. Pre- 
sumably there was something special 
\ remarkable feature of the 
hypotheses brought forth in explana- 


ibout corn. 


tion of the cause of pellagra during the 
two centuries that the disease has been 
is the extent to which they re- 
flect the prevailing thought of the day. 

The late 


when 


Known 


nineteenth century 
the 


commonly 


Was an 
of 
to 
day of 
the ptomaines and ergotism. It is, there- 
fore, not unexpected that the prevailing 
‘planation of pellagra was that toxic 


ra deleterious action 
attributed 


This was the 


food 


Was 


poisonous action. 


ubstances developed in maize through 
that 
and 


lecomposition, damaged maize 
that corn fully 


pened and sun dried was without ef- 


dl disease 
ct. Pellagra was most common in coun- 
ries Where conditions were least suited 
A bad maize 
is often associated with a 
pellagra. Corn cut before ripening 
stored without drying or under damp 
nditions was susceptible to mould. 
lardini® isolated a green mould from 
iled corn and with it produced acute 
iptoms of disease in man and ani- 
ls. Pellagra, 


corn cultivation. crop 


bad vear 


chronic 
her than an acute disease, and the 
1© mould was demonstrated in re- 
us where pellagra did not exist and 
vas not commonly present in many 
lagrous districts. Other toxic factors 
e periodically advanced as the agent 
lisease in pe Hl: igra, but proof was in- 


however, is a 
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variably poor and interest was lost in 
about infectious 
in the period 
such 


a new enthusiasm 
agents as a likely ¢ 
during which bacteriology 
great deve lopme nt. 
Scattered reports 
ganisms resulted in 


cause, 
Saw 
of nondescript 
microor no serious 
attention to a possible infectious agent 
in pellagra until the reports of the Illi- 
nois Pellagra Commission’ and of the 
Pellagra Com- 
that mode of 
origin. In neither instance was a specific 
pathogenic microorganism identified. 
The investigations of the second group 
combined field studies in South Carolina 
with experimental observations in base 
laboratories. They were beset with dif- 
ficulties, in that patients brought north 
satisfactory source of 
materials promptly improved on the 
good hospital diet; and monkeys in- 
jected with suspected intestin: il bac- 
teria 

These 
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Thompson-McFadden 
mission!!” supported 


to prov ide a 


developed disquieting reactions. 
investigations and the active in- 
terest in arthropod transmission of in- 
fectious agents then current doubtless 
influenced many attempts of the period 
to demonstrate arthropod vectors of 
pellagra. The spotty distribution of the 
disease and the assured fact that it is 
not transmitted from person to person 
favored such an hypothesis. Mosqui- 

106 flies™®, and other insects were 
variously incriminated but none with 
such ease as the buffalo gnat whose 
part was defined by Sambon!!3 through 
field studies that involved no more than 
a stop between trains in Italy. Mean- 
while Hopkins** had made his classical 
contributions to the knowledge of “ac- 
y food factors”, and _ interest 
turned to the field of nutrition. Gold- 
berger*® undertook his famous field 
studies in the mill villages and prisons 
of the South and, having demonstrated 
that pellagra could be cured by diet, he 
reasoned that cause must be within 
diet. That he proved, in a series of 


toes 


cessory 


il 
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sound Jaboratory and field investiga- 
tions. Pellagra became established as 
a dietary deficiency, thus marking the 
third phase through which investiga 
tions passed. 

The experimental demonstration of a 
pellagra preventive factor'' as part 
of what is now known as the vitamin 
5 complex was the initial gain in the 
fourth and current phase of knowledge 
about pellagra. Elvehjem’s*' classical 


contribution demonstrating nicotinic 


acid deficiency as the direct causative 
factor in canine black tongue was short 
ly followed by a series of reports**:!" 
28.189 that confirmed its similar place in 
the human disease pellagra. Subsequent 
work showed that dietary deficiency in 
niacin (nicotinic acid) could be com- 
pensated in a measure by another die 
tary componenc, in that tryptophane 
functions as a metabolic precursor of 
niacin in the rat®’' and in man!", Corn 
lacks adequate amounts of both. the 
vitamin niacin and its precursor trypto- 
phane [here is also. the possibility 
brought out in the recent suggestion 
that corn acts also through an anti 
interfering with the normal 
metabolic activities of niacin. 


The Host 


the complex that constitutes the host 


vitamin 
Factor. Some teatures of 


factor in causation of pellagra are well 
known and supported by good evi- 
dence*”. Others are suggested bv clin- 
ical experience and yet have not been 
subjected to systematic investigation 
by quantitative methods. The inherent 
fundamental characteristics that 
rest in age, sex and among 


the better known. 
The factor of age as it applies in 


and 


race are 


most deficiency diseases is expressed 
in a principle that susceptibility _ is 
greatest during periods of growth, dur- 
ing reproduction and in the course of 
lactation™'>. Some experimental defi- 
ciences are only produced under such 
circumstances, and regularly that is the 
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favored approach. Pellagra provides a 
paradox in that older persons are prin- 
affected 


mass disease are 


cipally \ge relationships in 
determined either by 
mortality or morbidity, mortality 
usually serving because of the greater 
availability and exactness of the infor- 
mation. Each has its use. The mortality 
for beriberi in the Philippines''? in 
1947 was 132 per 100,000 population, 
it is the second largest cause of death 
tuberculosis being the first. Two thirds 
of all deaths 


ficld surveys showed the greatest prey 


were of infants, while 


alence Of cases population groups 
representing in order, expectant moth- 
ers, nursing mothers, other adults, in 
fants and finally children. Mortality of 
pellagra in the United States is heavily 
Fig. 1), but 
IS also a older 
The attack in 


pellagra has never been satisfactorily 


weighted at older ages 
morbidity function of 


older age ot 


people? 


explained. Pellagra is recognized as a 
but 
other 


chronic disease, why in contra- 


distinction to common. vitamin 


deficiencies? It could be due to chil- 
dren being protected by milk diet, but 
the holds for 
regions nursing is 

the diet 
‘the discrepancy may rest in tailure 


distribution 
milk after 


not a prominent teature of 


> 
age 


where 


to define carefully the gradient of dis 


ease, with an unrecognized form ot 
pellagra being frequent among infants 
ihe recent work of the Gillmans™ sug 
gests that possibility. 

Attack rates in families are invariably 
than tor males* 
to differ 
ences Ih tood intake because of 


pation, habit and similar factors. That 


greater for temales 


which is reasonably related 


observed racial differences are depend 
ent on other than genetic considera 
tions and that the social environmen! 
is'the principal factor is supported by 
American data where the ratio of occur 
white ha 
progressively approached parity (Tab: 


rence between negro and 
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|) after an original wide discrepancy 
and as environmental conditions tended 
to equalize. 

The common interpretation ot ac- 
quired host factors in respect to ability 
to resist disease is that expressed by 
specific immunity to The 
anatomic and physiologic changes that 


intection. 


arise from a wide variety of diseases 
often an equally important con- 
sideration among causes that operate 


are 


to produce other morbid processes, not 
only infections but many other diseases. 
Pellagra is a good illustration. Alco- 
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ence!*', as have gastrointestinal dis- 


eases''. Sporadic cases are commonly 
heavily weighted by host factors identi- 
fied with inability to assimilate and 
utilize a normal diet, as distinguished 
from the grouped occurrence of cases 
which is characteristic of a common 
inadequacy of diet. 

Individual idiosyncracy, mental de- 
of the 


psvchic constitution are commonly seen 


pression and other factors 


as causative factors in pellagra and in 
other deficiency diseases. 
The Environment. The factor of en- 


holism has well-recognized influ- vironment in all its components enters 
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1980) 1947 
Population Vortality 
Ratio 
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1980 59.7 13.1 3.4 
1935 597 15 8 7.4 2.1 
1940 $2.2 57.8 10.6 5.9 18 
1945 $2.2 2.9 2.5 
1947 $2.2 578 2.3 2.0 
Source: Data of Vital Statistics of the United States (National Office of Vital Statistics, 
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into causation of pellagra. The world 
center of prevalence is well defined 
geographically. In the United States 
pellagra is essentially a disease of the 
southern states (Fig. 2). The time tac- 
tor is demonstrated both in a seasonal 
incidence which characterizes April 
and May and in larger secular varia- 


tions which in the years pellagra has 
n this country have 
shown two principal epidemic waves, 
one during the years 1910-1915 and 
the other in the late part of the 1920 
Mortality decreased 
terially in recent vears (Fig. 3). 


bee recognize di 


decade. has ma- 
The biologic component of environ- 
ment has been repeatedly demonstrated 
in the history of pellagra, through 
common correlation of poor corn years 
ind a heightened frequency of the dis- 
ease during the subsequent winter. 
\ppreciation of the social environ- 
ment as a factor in the frequency of 
pellagra dates 
edge of the 
veated confirmation in the 


of pellagra with poverty’ 


know!l- 
had _ re- 


from earliest 


disease". It has 
association 
Originally 
it became more com- 
mon in cities with the movements of 


rural disease, 


population to an urban existence, 
but in recent years (Fig. 3) has 
returned to its original rural prom- 
inence, The extent to which varying 


features of host and environment enter 


nto causation of nutritional and other 
seases finds no better illustration than 
the manner in which pieces of evidence 
vere put together in determining the 
use of pellagra. The peculiar old 
idy who lived in the manor house, the 
imily down by the tracks and the 
irden of the penitentiary all reported 
imilar difficulties that pointed the way 
‘0 a common cause, dietary deficiency, 
nd yet they arose under a variety of 
nvironmental circumstances. 
Nutrition and Other Community 
Disease. Nutritionists have long recog- 
‘ized that malnutrition was caused by 
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a number of factors other than inade- 
quate dietary intake**, that it may 


occur in the presence of otherwise ade- 
quate  dietaries by re inter- 
with the normal processes of 
absorption and utilization, or through 


ason of 
ference 


increased nutritional requirements or 
excretion of nutrients. 
\ literature has developed on “condi- 


destruction or 


which have been the 
1OL 


tioning factors 
subject of recent reviews . Gastro- 
disturbances are 
concerned™:! 


intestinal commonly 
together with numerous 
and parasitic diseases. To 
those who look upon the pathogenesis 
of disease 


infections 


and the genesis of mass dis- 


ease in communities from a_ holistic 
point of view and epidemiologists 
surely must—it is at least unusual — 


the situation is so regularly viewed i 
nutritional Prive’ 
and not of the other diseases involved; 
this despite frequent evidence that the 
nutritional disorder is neither the pri- 
mary condition nor the more important. 
An approach through study of the 
effect of nutrition on a variety of mass 
diseases of man, in contrast to the effect 
of these diseases on nutrition, is logical 
and conceivably of much public health 
benefit. Clinical studies of this nature 
have had to do with surgical infec- 
tions'** and with nutritional disturb- 
ances among patients with diabetes** 
The value of exploring the larger prob- 
lem to populations is sug- 
gested in a probable relationship be- 
tween siiniabeedie overeating and the 
freque ney of community diabetes; and 
vet few observations of this kind have 
been made for any disease**, 

Until recently, lack of satisfactory 
method has made impractical studies 
on the effect of diet on general resist- 
ance to infection, or of malnutrition as 
a feature of susceptibility. Most work 
has been with the techniques of experi- 
mental Improved 
epidemiologic method and the signifi 


terms of the 
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cant addition of biochemical techniques 
for determining nutritional levels mak« 
field studies practicable in obtaining 
further evidence on the hypothesis of 
Ayveock and Lutman?! that vitamin de- 
ficiency is not an epidemiologic prin- 
ciple in infections, 

The opportunities are by no means 
limited to such mass disease as infec 
tions and metabolic disturbances which 
are rather 
Others arterio- 


sclerosis are known to have a significant 


clearly related to nutrition 


such as cancer and 
host factor, and part may well be resi- 
dent in nutrition. The demonstration 
of such relationships would justify more 
than anything else a wider use of the 
nutritional survey and its incorporation 
into general public health practice. A 
different sort of nutritional survey than 
that now commonly used would be 
essential to these purposes, where field 
would combine 


techniques present 


methods with for othe 


mass diseases of populations; in essence 


examinations 


a health survey built around nutrition. 
Actual development of such methods 
America but 
in such diverse places as the Fiji 
Islands*, in South Africa"! and in the 
Netherland East Indies?". 


circumstances, 


is under wav not only in 


Under such 
the common statement 
of objectives would be altered from 
“the 
nutrition programs” to read “the role 
of nutrition 


role of surveys in community 


survevs in a community 


health program.” 
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Summary. Field studies in nutrition 
initially were concerned almost solely 
with food consumption and its relation 
to the health = of The 


method was the dietary survey. 


populations. 


The identification of specific nutrients 
and the better definition of nutritional 
disease entities led to a second phase 
in field activities, where the chief con- 
cern was with the prevalence of individ- 
ual dietary deficiencies and of specific 
nutritional disorders. Laboratory tests 
were incorporated into field practice 
and clinical methods attained a new 
level of importance and an added per- 
tection. 

\ third phase in the direction of field 
interests is the current tendency to 
broaden the nutritional survey and to 
use it as the foundation for a general 
health survey. The concern is less with 
nutritional disorders and the nutritional 
state as such, and more with the part 
they have in determining the character 
and behavior of other mass disease, 
which is increasingly appreciated as 
Nutrition the 
most other fields: an initial 


emphasis on its own individual prob- 


material. thus follows 


course of 
lems and an eventual incorporation 
of those interests into the general pat- 
tern of medical and epidemiologic ef- 
fort toward health and welfare of pop- 
ulations. In the case of nutrition, it is 
actually a return to the original objec- 
tive of the survey, but 
much better methods and a 


with 


greate! 


dietary 


promise of accomplishment. 
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SESSION OF 


Vasopressor Components of Pheo- 
chromocytomas. Karu H. Beyer, Ph.D.. 
M.D., A. S. 
Ph.D. (Dept. of Pharmacology, Med. 
Res. Div., Sharp and Dohme, Inc., Glen- 
olden, Pa. ) 


have 


Ross. 


Two pheochromocytomas 
chemically — for 
their epinephrine-like content by the 
method of Beyer and Shapiro (Am. J. 
Physiol., 144, 321, 1945). Tumor A con 


tained 6.9 mg. of a 


been  assaved 


3-catecholethvla- 


mine, calculated as epinephrine, per 
gm. of tissue. This tumor was sub- 
mitted to us by Dr. R. L. Mavock 


of the University of Pennsvlvania Med- 
ical School. Tumor B contained 8,17 
mg./gm. of tissue. This gland was sub- 
mitted by Dr. W. S. Randall of the 
Ochsner Clinic, New Orleans. Hvdro- 
lysis of the extracts did not 
the amine concentration. The amines 
were ultrafilterable from the extracts 

Filtered extracts of the tumors wer¢ 
compared with mixtures of l-epine- 
phrine and 1-norepinephrine for pressor 
activity in the dog before and follow- 
ing the administration of dibenamine. 
Tumor A contained 10.3 mg./gm. of 
pressor material and tumor B contained 
11.8 mg./gm. of tissue, calculated as 
epinephrine. Whereas the pressor prin- 
ciple of tumor A was about 50% nor- 
epinephrine, the pressor component of 
tumor B appeared to be as much as 
90% norepinephrine. 

Incubation 


increase 


of tumor extracts with 
catechol oxidase or with a crude amine 
oxidase preparation destroyed all 
pressor activity of the extracts. 
These experiments indicate that the 
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immediately available pressor material 
in these tumors exists in a free, active 
diffusible state. 


usually high norepinephrine content of 


readily The un 


the tumors is consistent with the view 
that it 
epinephrine and that transmethyvlation 


of this precursor is impaired in the 


is the immediate precursor of 


tumor, as has been suggested by th 
reports of others. The pressor activits 
of these tumors could be accounted for 
bv. the B-catecholethvla 
mines thei 
The pressor ac tion could be re produce d 


l-epine phrine and 


presence ot 
and possibly precursors 
by mixtures — of 
l-nore pinephrine 


The Action of Hyaluronidase and 
Steroids on Membrane Permeability. 
JosepH Semrern, M.D... Donato 
Fircu, M.D., Davin H. Barper, A.B 
and J. Becany, A. B. (Wvetl 


Institute of 
Hahnemann 
pital Phila 
that the permeability of lens, urinary 
bladder. 


increased by 


Applied Biochemistry, and 
Med College Hos 


It has been demonstrate 


and 


membranes 
and bi 


and synovial 
hvaluronidase 
desoxvcorticosterone, and decreased b 
the 


trophic hormone 


alarm reaction, adrenocortic 


and certain phys 
iological steroids, the most effective « 
which is cortisone. Cortisone counte 
acted the increased permeability effect 
DOCA 


Local application of hvaluronidase t 


of either hyaluronidase or 
the synovial membrane or the svstemi 
administration of DOCA simulated th 
initial lesion of arthritis. This conditio 
was alleviated bv steroids whic 
are anti-DOCA and anti-hvaluronidas« 
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One of the therapeutic effects of 
cortisone in arthritis was considered to 
be an immediate anti-enzyme or anti- 
DOCA effect on the synovial membrane 
end organ) resulting in alleviation of 
edema and swelling. The rabbit 
synovial membrane technique was em- 
plove d to screen steroids for cortisone 
effect on the end organ of arthritis, and 
to test. their anti-hyaluronidase and 
uti- DOCA properties. The activity of 
i standard dose of cortisone acetate 
was taken as 100%. The normal mem- 
brane in balance with DOCA and 
ortisone type steroids had a cortisone 
ratio of 5:2. Of more than 50 steroids 
creened, 38 were found to have anti- 
permeability action less than cortisone. 
Eleven analogues of DOCA” were 
lemonstrated to be at least as active 
is cortisone and to have anti-DOCA 

d anti-hyaluronidase properties. Arti- 


», pregnene, 38, 21 diol 
20 one 21 monoacetate, Wyeth ) 


been placed on clinical trial and 
is successful in of arthritics 
ited and in one case of scleroderma. 
Six compounds which are not. struc- 
iral analogues of DOCA had a high 
rtisone ratio. Two of these have been 
laced on clinical trial and found effec- 
against rheumatoid arthritis. 
teroids appear to act on ground sub- 
tance by controlling the degree of 
olymerization of the ground — sub- 
tance. Practically all steroids had some 
egree of anti-permeability action on 
e synovial membrane. No steroid had 
e permeability effect of DOCA. 


Location*® of Receptors for Tonic 
Reflexes. G. P. McCoucn, M.D.., 
HM. Ling, M.D., and I. D. Deering, 
5. (Dept. of Physiology, Univ. of 
ina. ). In 6 decerebrate cats, showing 
nic neck reflexes to turning the head, 
th internal ears were destroyed and 
‘| muscles connecting head with neck 
atlas with axis were severed. In 2 


of these the spinal accessory and the 
first 3 cervical nerves were cut at their 
entrance into muscle. In all 6 animals 
the reflex to turning the head was re- 
tained after these procedures. 

In 6 decerebrate cats, showing tonic 
neck reflexes to turning the head, both 
internal ears were destroyed and the 
first 2 or 3 cervical nerves were exposed 
with as little dissection of muscle as 
possible and with complete retention 
of innervation. Tonic neck reflexes 
were not impaired. An attempt was 
then made to denervate the upper neck 
joints by circumsection of the first 2 
or 3 cervical nerves at their emer- 
gence through the intervertebral liga- 
ments without injuring the muscular 
branches. When this was done unilater- 
ally, the neck reflex to turning the 
head was abolished in the ipsilateral 
extremities; when bilaterally, it was 
absent in all 4 limbs. 

It is concluded that receptors for 
the tonic neck reflex to turning the 
head are located in the joints of the 
upper neck, especially the atlanto- 
axial joint. If there be muscular recep- 
tors which facilitate this reflex, their 
effect in isolation is subliminal under 
the conditions of these experiments. 


Observations on the Reflex Regula- 
tion of the Circulation. Lys_te H. Petrer- 
son, B.S. (Dept. of Physiology, Univ. 
of Penna.). A number of surprising 
responses of the circulation following 
stimulation of various reflex systems 
have been observed in over 600 normal 
subjects and hospital patients during 
physiological experiments and surgery. 
Certain reflex responses appear to 
differ in man as compared with other 
species, to differ also with and with- 
out anesthesia. Following carotid sinus 
stimulation there appears to be a pri- 
mary weakening of ventricular contrac- 
tion concurrent with bradycardia. The 
effects are in contrast to those follow- 


MS 


was 
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ing prolonged diastole following pre- 
mature or missed Fol- 
lowing stimulation of the mesenteric 
receptors there also appears to be a 
primary weakening of contraction in- 
dependent of pulse rate. Evidence is 
also presented to show that under vari- 
physiological, pathological 
anesthetic conditions there is a marked 
alteration in the manner in which the 
cardiovascular system reacts to changes 
within itself. These data are presented 
not only to demonstrate reflex circu- 


contractions. 


ous and 


latory phenomena in man (some tot 
the first time) but also to stress the 
need for re-evaluation of present con 
cepts of circulatory reflexes. Such gen 
eralizations which are commonly stated 
as Starlings and Marey's laws and the 
belief that the ventricles are not di 
rectly affected by the 
thought of with reservations. An un 


vagi must 
derstanding of reflex balance in man 


seems necessary for an understanding 
of diseases of the cardiovascular system 


of man. 


| 
| 


BOOK REVIEWS AND NOTICES 


MopeRN Practice in Ed- 
ited by H. B. Srattarnp, M.D., St. Barthol 
omew's Hospital, London. Pp. 525; 231 
ills. New York: Paul B. Hoeber, 1949 
Price, $12.50. 

fuis is a text for the general practitioner 
ind for medical students written by 14 well 
known British ophthalmologists. The _ first 
chapters deal with the anatomy, physiology 
ind pathology of the eye. Chapters on meth 
dds of examination ocular therapeutics 
follow: the rest of the book presents the 
diseases according to the part of the eve 
chiefly affected 

Like many books by many different authors 
this one suffers from a lack of uniformity 
ie chapter on medical ophthalmology is the 
gest, as it should be, but is hardly adk 
juate for the general purpose of the book 


| 


AN ATLAS OF THE BLOOD AND BONE MARROW 
By A. Custer, M.D., Ass’t Prof. of 
Pathology, Univ. of Pennsylvania. Pp. 321 
285 ills., 42 in color. Phila.: W. B. Saunders, 
1949. Price, $15.00. 

Lonc before this book appeared I knew 
that it would be a good one and one, too 
that must be on one’s shelves for ready con 
sultation. How, then, to review it objectively 

the work of a co-worker and close friend 
for over 20 years? Obviously, at least it 
should be scrutinized with the greatest care, 
glossing over no impertections and giving 
praise where indicated in carefully measured 
terms. To put this into effect, however, when 
faced with the familiar terms, principles and 
oncepts, and even much of the material 
that had grown up during these years, is a 
task that proved unexpectedly difficult. Noth- 
ing of significance is found to criticize un- 
favorably and much to praise. In an attempt 
to gild the lily, however, the suggestion is 
offered that all legends, instead of a very 
few, could advantageously have included 
the kind of stain used, suitably abbreviated 
ot course. Even the price, in view of the 
number of excellent large black and white 
ind colored illustrations, is not unreasonable. 

As is proper for an Atlas, the clearly writ- 
ten text appears as an accompaniment of 
the illustrations, fulfilling the book’s prime 
function to promote accuracy in diagnosis. 
\lso quite properly the nature of the diseases 


presented is not considered, though signifi- 
cant clinical features and supporting labora- 
tory tests are included to broaden the basis 
for diagnosis. 

The brief Part 1—The Hemolytopoietic 
System—includes in its 34 pages 3 chapters 
on hematopoiesis, and the constituents of 
normal blood and bone marrow. The rest 
of the book treats the various blood disorders, 
classified into 12 groups. 

‘Clinicians, clinical hematologists, pathol- 
ogists, and medical technologists”, for whom 
the book was planned, should indeed find it 
useful; if they don't, they had better shift 
to another field. 

Both Author and publisher should indeed 
be proud of this addition to a rapidly grow- 


ing field. 


HuMAN PaTHoLocy. By Howarp T. KarsNner, 

M.D., Former Prof. of Pathology, Western 
Reserve Univ. 7th ed. Pp. 927: 562 ills., 24 
color plates. Phila.: J. B. Lippincott, 1949 
Price, $12.00. 

APPEARING after an interval of 7 years 
the longest between any of the previous 
editions—this one has had more extensive 
revision than any of its predecessors. It also 
has 241 new _ illustrations, about equally 
divided between additions and replacements. 
rhese are all good; very few of the diagram- 
matic 19th century variety that marred the 
earlier editions now remain. The 800 new 
requiring the deletion of 900 
older ones because of space requirements ) 
reinforce the reference value of the book, 
which has always been one of its stronger 
features. With continuation of the already 
established trend toward inclusion of more 
pathologic physiology, “Karsner” entrenches 
itself even more firmly as one of the world’s 
two or three leading textbooks of pathology. 


E. K. 


reterenc cs 


MopERN PRACTICE IN ANAESTHESIA. Edited 
by Franxis T. Evans, M.B., Honorary 
Anaesthetist, St. Bartholomew's Hosp., Lon- 
don. Pp. 606; 227 ills. New York: Paul B. 
Hoeber, 1949. Price, $12.50. 
ANESTHESIOLOGY today has many facets. 

No single individual can encompass the 

field. This new book, with a single editor 

but with multiple contributors, should there- 
fore be well designed to assess “modern 
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BOOK 


the 
appraisal is inade 


in anesthesia’. Untortunately, in 


the 
errors; it 1S 


prac tice 
Reviewer s opinion, 


quate. There are wrong to say 
that atropine in doses of 1/200 grain should 
be given to the 


months, or to state that neurological sequela 


infants under age of 6 


to spinal anesthesia are more theoretical than 


real. Recent advances it and 


not 


physiology 
the 
apparently relying almost entirely on clinical 
To be 
is the inclusion of such topics as posture in 
blood 
nent therapy, anesthesia and heart diseas 
The 


desiring a 


pharmacology are included, authors 


journals as source mate rial. commended 


anesthesia, transfusion and replac 


written by a cardiologist format is 


ittractive and for those 
of British material the may prove 


usetul R. D 


Source 


volume 


CARDIOVASCULAR DISEASI By Louis H 
SicLer, M.D., Chief of Cardiac Clinic, Coney 
Island Hospital. Pp. 551; 149 ills. New York 

& Stratton, 1949. $10.00 
the opening chapters on incidence 

and etiology to the closing chapters relating 


Grune Price, 


FROM 


to pregnancy and surgery, this very readable 
book ‘the 


ispects of cardiovascular diseas« 


idequately considers important 


The Author 
nting 


stresses physiologic phenomena, 


much that is difficult and controversial in a 
clear, simplified, and impartial manner. For 
those interested in more detailed study, each 
chapter has a useful bibliography. The Author 


avoids special consideration of electrocardio- 
graphy by referring to his own book on the 
subje ct 

In a field 
ivailable, 


providing a 


where several good texts are 
this new book earns its place by 
fresh that is at 
once fairly complete, but not burdensome to 
the To this Reviewer, the work is 
especially worth while for the Author’s cor- 
rect description of the murmur of mitral 


stenosis and his laudable omission of the cus- 


presentation 


ider 


tomary but inaccurate adjective, “mid- 
diastolic 
STARLING S PRINCIPLES OF HUMAN PuysI- 


oLocy. By C. Lovatr Evans, D.Sc., Jodrell 
Prof. of Physiology, University College, Lon- 
don. Chapters on The Special Senses by 
H. Harrrince, M.D., Inst. of Ophthalmol- 
London. 10th ed. Pp. 1193; 693 ills., 
in color. Phila.: Lea & Febiger, 1949 
Price, $10.00 


OYvy, 


SOTTIE 


the best extensive 
man product of its kind that the Reviewer has 
met. Except for the special senses, the entire 


volume one 


book comes from the pen of Professor Evans 


REVIEWS 


AND NOTICES 

It exemplifies the virtues ind the limitation 
of such an undertaking. On the credit. side 
i well integrated treatment free from ove1 
lapping and unnecessary repetition and a 
uniformly clear and distinguished style that 


make reading t pk isure ially com 


Espec 


mendable are the historical introductions to 
the separate sections ot the book On the 
debit side uneven validity of various parts 


in critical viewpoint, in se lection of material 


ind in de gree ol 
Chemical ispects ot the 


ind points of empl 


SIS 


freedom from 


subject receive masterly treatment Perhaps 
the weakest section that devoted to the 
nervous system 
MALE AND FEMALI \ Srupy OF THE SEXES 
IN A CHANGING WorLD. By MARGARET 
Meap, Assoc. Curator of Ethnology, Amer 
Museum of Nat. Hist. Pp. 477. New York 
William Morrow, 1949. Price, $5.00 

4 most readable and interesting, as well 
as provocative and informative book, written 
by an authority in her field. Questions of 
import ince to everyone living n this unset 
tled age are asked and the answers ar sought 
by a method which is probably new to most 


of us. The whvs and wherefores of human 
motivation and behavior ially from the 
point of view of sex roles ire Ss ught mong 


the 


are compared to oul 


cultures of 7 different Pacific peoples and 
the 
better insight int Our WH 


wn. As a result 


readet obt uns a 


culture into what we are and how we got 
that way W.P 
Vision. By M.D., FRANCES 
L. Inc, M.D., and GLienna E. Buuis. Pp 
329: 72 ills. New York: Paul B. Hoeber 
1949. Price, $6.50 

THe Authors have made a systematic in 


growth of the child’s Visu il 
functions as determined by the behavior pat 


vestigation of the 


terns, graded tests of visual skills and obje« 

tive determinations of the child’s refraction 
The they set out to 
answer are: How does the child use his eves 
at different ages? When does he show visual 
competence in such things as the handling of 
tovs, tools. 


questions which have 


and eating utensils? Do the 
work together coordinately: and, if 
is his strabismus generally resolved? How does 


eves 
not, when 
his visual behavior comport with his general 
behavior? Do we kind of 
visual hygiene to protect the growing eyes 
of today? 


need a broad 


The method employed has been to photo 
graph children in a spec ially designed photo- 


graphic dome encased in a one-way vision 


BOOK REVIEWS 


creen which conceals the observer from the 
infant but permits full view of the infant's 
behavior. The book will be valuable for 
pediatricians as well as for ophthalmologists 
Most of the Authors’ conclusions agree well 

th those in standard ophthalmologic texts 


F. A. 


\ or By R 
Scorr StEevENSON, M.D., and DoucLas 
Gurung, M.D., Edinburgh. Pp. 155; 52 ills. 
Balt Williams & Wilkins 1949. Price 
$5.00 
\L THOUGH numerous articles in medical 
rnals and a few chapters in books have 
lt with various facets of the history of oto- 
rhinology and laryngology, this small 
ok appears to be the first history of the spe 


ltvy to be written. The authors assess the 


hiect as a whole, trac ing its rise and progress 
{ the earliest times through the Middle 
\ ind the Renaissance, the 17th, 18th and 
ith centuries, down to the present. The great 


st of the oto-rhino-laryngologi« spe- 
is that it still contains many fascinating 
timulating problems for its practitioners 
s-minded readers will be amply re 
led in a quest for background by mining 


pages of history. N. F. 


Orrick Gyneco.tocy. By Kari 
foun Karnaky, M.D., Asst. Prof. of Clinical 
Gynecology, Baylor Univ Pp. 261; 115 ills 
Springfield, Ill.: Charles C Thomas, 1947 
$7.50 

lis book was designed to give practical 
in the office management of patients 
gynecological disorders. It is well printed 
handsomely illustrated. The text is a 
nalized expression of a clinician of wide 
erience. The material dealing with the 
ology and infections of the lower genital 

is excellent. Female endocrinology and 
tional menstrual disorders are well pre- 
ted, but this Reviewer doubts that most 
cologists share the Author’s enthusiasm 
estrogen therapy. No mention is made of 
ins for the detection of early carci- 

of the cervix, nor of the use of pes- 

s in the management of pelvic relaxation 
ysicians seeing female patients will find 


book practically useful 


NEW BOOKS 


ildren with Mental and Physical Handi- 
ps. By J]. E. WaLLace Wa turin, Ph.D. 

Pp. 549; 34 ills. New York: Prentice-Hall, 
49. Price, $6.65. 


\ 
WRITTEN by a man with 40 years experience 


AND NOTICES dol 


with handicapped children, this book serves as an 
excellent reference book in its field. It gives infor- 
mation of value to workers in special education 
and child guidance, to pediatricians, psychologists 
psychiatrists, and social workers. It tells (among 
many things) about mental defectives, backward 
children, psychopaths, endocrinopathic disorders 
cretinism, mongolism, dwarfs, epilepsy, orthopedic 
disabilities such as cerebral palsy and poliomyelitis 
and cerebral syphilis 


Die Naturgemdsse Heilweise. Von Dr. Med 
ApoLr Horr. Pp. 295; 22 ills. Stuttgart 
Marquardt & Cie., 1949. Price, D.M. 18.50 


Medical Clinics of North America. Mass 
Genl. Hospital Number. Pp. 1211-1498 
Phila.; W. B. Saunders, September, 1949 
Price. $15.00 a vear. 

luis number is featured by a symposium on 
recent advances in medicine, consisting of 16 con- 
tributions by members of the staff of the Massa- 
chusetts General Hospital. Included are discussions 
of radioactive iodine in thyroid disease, the diag- 
nosis and treatment of myxedema, thyrotoxicosis 
ind nodular goiter; cardiac arrythmias and neuro- 
circulatory asthenia; hypertension in children and 
in adults; pernicious anemia; rheumatoid arthritis 
the use of nitrogen mustards; the “dumping” syn- 
drome, and gastritis. There are also 5 miscellane- 
ous contributions on diabetes, ulcerative colitis 
headache, intestinal obstruction and infections of 
the urinary tract by clinicians from other hospitals 
in New York, Chicago and Philadelphia. E. R. 


Weitere Fortschritte in der Blutgerinnungs 
lehre. Von Prof. Dr. med. Kant. LENGGEN 
HAGER, Univ. Bern. Pp. 243; 65 ills. Stutt 
gart: Georg Thieme Verlag (New York: 
Grune & Stratton), 1949. Price, $5.50. 

Ine format of this book on blood coagulation is 
interesting; headings are in the form of direct 
questions which are then answered with the aid 
of experimental evidence. Separate chapters are 
devoted to the actions of Prothrombokinin, Throm- 
bokinin, Prothrombin, Thrombin, and Fibrinogen 
In a discussion of hemophilia, the Author agrees 
with the work of Tocantins and Quick. A short 
chapter on Heparin is well written. The book 
capably covers fundamentals and introduces som« 
original concepts. It is an excellent monograph em- 
bodying the Author’s 18 years of experience in 
the field of blood coagulation. G.B 


Psychoanalytic Study of the Child. Vol. III/ 
IV. Edited by ANNa Frevup, et al. Pp. 493. 
New York: International Universities Press 
1949. Price, $10.00. 

Tus book contains 25 articles on important sub- 
jects written by leaders in the field of psycho- 
analysis of children. It is intended for psychiatrists 
but will be of interest to all those who are inter 
ested in the development of children or in prob- 


lems of childhood. W. P. 


More About Psychiatry. By Cart BINnceER, 
M.D. Pp. 201. Chicago: Univ. of Chicago 
Press, 1949. Price, $4.00. 

FouRTEEN reprinted essays which  entertain- 
ingly illustrate emotional and psychiatric problems 


and an investigator’s views on the world situation 
today 


ws 
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Homéopathie und Harmonische Ordnung der trend in medica g t nite States 
Brer. Pp. 268. Stuttgart: Mar It & Cie pre 

149. Price, DM 19.50 nted at t ot ‘ 
for the t x il students 


h ' ndex in not } easily used as a 


\ligraine Cervicale. Von Dr. m d. et Dr. s ind without can “f 
WerNER Univ 
Bern. Pp. 188: 51 ills. Bern: Hans Huber Human Helminthology. By Ernest CARROLI 


1 by Grune & Stratton, 1949. Price Faust, Ph.D., Prof. of Tropic il Diseases 
21.80 nd Hygiene lulane Univ. of Louisiana 
‘ : ed. Pp. 744 313 ills. Phila.: Lea 
in Int uction to Cardiology. By GEOFFREY Febiger, 1949. Pri $10.00 
Bourne. M.D.. F.R.C.P., St. Bartholomew's 
Hospital. Pp. 264; 65. ills Balt.: Williams t the t f t 2 
Wilkins, 1949. Pr $4.50 1 edit f this book have necessitat 
ura 
Edited by Samuet Levinson, +} 
D. Pp. 276; 44 ills Phil ]. B. Li period in this t addi h new teria 
149. Pr S35 00 \ t new apt H linea 
Medicine. By Joux W. Tovv. M.D 


Balt Williams & Wilkins. 1949. Pr standing ref payee 2 


Wilkins. 1949. Pr $6.00 
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NEW EDITIONS 


cy and I oy. | The I Diseases. Edited by ¢ 
OrBan, I s. 2 Berens, M.D F.A.C.S. 2d 
64: 265. ills 4.3 W. 


59: 60 ills. B s& WV | 98: 124 Le 
} S5 | big 4 
S Art of J t Manipulati 
\ t ities). By James 
N M.D., ¢ sulting | ian Phi 
M St. T s’s Hospital. 2 
215: 299 ills. I Blakist 
$7 5 
thew ree } } RT 2 
14 4. Dut Iowa: W 
19. $12.00 B & kins 
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| f Obstet Technic. By Pat [irus 
Chief ENCI Fa 2d 197; 2 Ils St 
~— lustrial Hygiene Labor C. V. Mosby, 1949. Price, $7.90 
ser Py 1S Balt Will 
é the Nervous S$ By F. M. I 1 Manual of I 17 
MD. Univ. Coll “Kovacs, M of E 


